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Purpose: To analyze acute esophagitis (AE) in a Chinese population receiving 3D conformal radiotherapy
(3DCRT) for non-small cell lung cancer (NSCLC), combined or not with chemotherapy (CT), using the
Lyman–Kutcher–Burman (LKB) normal tissue complication probability (NTCP) model.
Materials and methods: 157 Chinese patients (pts) presented with NSCLC received 3DCRT: alone (34 pts)
or combined with sequential CT (59 pts) (group 1) or with concomitant CT (64 pts) (group 2). Parameters
(TD50, n, and m) of the LKB NTCP model predicting for > grade 2 AE (RTOG grading) were identiﬁed using
maximum likelihood analysis. Univariate and multivariate analyses using a binary regression logistic
model were performed to identify patient, tumor and dosimetric predictors of AE.
Results: Grade 2 or 3 AE occurred in 24% and 52% of pts in group 1 and 2, respectively (p < 0.001). For the
93 group 1 pts, the ﬁtted LKB model parameters were: m = 0.15, n = 0.29 and TD50 = 46 Gy. For the 64
group 2 pts, the parameters were: m = 0.42, n = 0.09 and TD50 = 36 Gy. In multivariate analysis, the only
signiﬁcant predictors of AE were: NTCP (p < 0.001) and V50, as continuous variable (RR = 1.03, p = 0.03) or
being more than a threshold value of 11% (RR = 3.6, p = 0.009).
Conclusions: A LKB NTCP model has been established to predict AE in a Chinese population, receiving tho-
racic RT, alone or combined with CT. The parameters of the models appear slightly different than the pre-
vious one described in Western countries, with a lower volume effect for Chinese patients.
Ó 2010 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 97 (2010) 449–454
Acute radiation-induced esophagitis (AE) is a dose-limiting
complication for lung cancer irradiation. The major clinical fea-
tures of AE include dysphagia, odynophagia, and substernal pain
[1]. Indeed, several studies show that the interruption of treatment
due to AE and, therefore, prolonged treatment duration decreased
survival of patients irradiated for lung cancer [2–4]. In this context,
the prevention of severe AE may have a direct impact on tumor
control and survival. The prediction of such AE toxicity appears
crucial.
There are very few data allowing predicting AE in case of tho-
racic irradiation, combined or not with chemotherapy (CT), mainly
in Asia where genetic and/or environmental factors may also af-
fect this toxicity. Our recent preliminary analysis shows that con-
current chemo-radiotherapy (CRT), lymphatic status and V55 (the
relative percentage of esophageal volume receivingP 55 Gy)
were strong predictors of grade 2 or worse AE in NSCLC [5]. A
number of models have historically been used for estimating the
dose–volume dependence of normal tissue toxicity in three-
dimensional radiotherapy (RT) [6–8]. The Lyman model assumes
a sigmoid relationship between the dose of a uniform radiation
in a sub-volume of the organ at risk and the risk of a complication
occurring [7]. The Kutcher–Burman (KB) transformation allows
reducing the dose–volume histogram (DVH) in an effective vol-
ume (Veff) in order to use the Lyman normal tissue complication
probability (NTCP) model [9]. If the NTCP model has been widely
tested in clinic, the ability of such model to predict toxicity has
been nevertheless relatively disappointing, probably because of
the poor quality of the data used to estimate the parameters.
However, relationship between dose–volume histogram (DVH)
and toxicity has been much better established in the last few
years, making more efﬁcient NTCP models in their toxicity predic-
tion [10]. This is explained in particular by a more rigorous meth-
odology for reporting the side effects and for the delineation of
the organs at risk and also by the development of sophisticated
radiotherapy techniques. Literature describing the dose–volume
effects relationship for normal tissues has become more abundant,
as illustrated by the ‘‘Quantitative Analysis of Normal Tissue Ef-
fects in the Clinic’’ (QUANTEC) [11] and recent literature reviews
[12].
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doi:10.1016/j.radonc.2010.09.025
⇑ Corresponding author at: Laboratory of Image Science and Technology, South-
east University, Nanjing 210096, Jiangsu Province, PR China.
E-mail address: baoshli@yahoo.com (B.-S. Li).
1 These authors have contributed equally to this work.
Radiotherapy and Oncology 97 (2010) 449–454
Contents lists available at ScienceDirect
Radiotherapy and Oncology
journal homepage: www.thegreenjournal .com
The purpose of this study was to use the Lyman–Kutcher–Bur-
man (LKB) NTCP normal to predict AE in Chinese patients receiving
three-dimensional conformal radiotherapy, combined or not with
CT, for non-small-cell lung cancer (NSCLC).
Materials and methods
Patient characteristics
The study included 157 patients having received 3D conformal
radiotherapy for NSCLC in the Radiation Department of the Shan-
dong Cancer Hospital and Institute between January 2002 and Sep-
tember 2006. Ethics committee approval was obtained and all
patients were given informed consent according to the current
revision of the Helsinki Declaration. The data were retrospectively
collected and analyzed. Patient and tumor characteristics are sum-
marized in Table 1.
Treatment
The treatment consisted of RT, combined or not with chemo-
therapy: RT alone for 34 patients (22%), sequential chemo-radio-
therapy (sequential CRT) for 59 patients (37%), concurrent
chemo-radiotherapy (CRT) for 11 patients (7%) and both sequential
and concurrent CRT for 53 patients (34%). Group 1 corresponds to
the 93 patients who did not receive concomitant CRT and group 2
to the 64 patients who received concomitant CRT. Chemotherapy
regimens for patients treated with concurrent CRT are presented
in Table 2.
All the 157 patients underwent 3D-conformal radiotherapy.
Vacuum bags were used to improve reproducibility during daily
treatments. Five millimeter thick CT scan slices were obtained
from the lower end of the cricoid cartilage to the lower edge of
the liver. The CT images were directly transmitted to the 3D plan-
ning system (Pinnacle3 Treatment Planning System, Philips Medi-
cal Systems). Gross tumor volume (GTV) encompassed all
detectable tumors, including primary mass and metastatic regional
lymph nodes observed on CT scans. Planning target volume (PTV)
included GTV and 5–15 mm margins for lymph nodes, 10–20 mm
for primary tumor. The prescription dose had to cover at least
95% of the PTV volume. Dose distribution was calculated with tis-
sue heterogeneity correction. Radiotherapy was delivered with lin-
ear accelerators using 6-MV or 15-MV X-rays. Treatment
techniques typically included anterior-posterior beams followed
by oblique beams excluding the spinal cord. Most plans employed
4–6 ﬁelds. Active Breathing Coordinator (ABC) technique was used
for 36 patients (23%). Electronic Portal Imaging Device (EPID) was
used for 65 patients (41%) to verify and correct the set-up of the
patient, using large orthogonal ﬁelds (18 cm  18 cm) with 18
monitor units. For 22 patients (14%), Cone-beam CT (CBCT) images
were used to correct setup position before the ﬁrst three treat-
ments and once a week after that.
Two RT fractionations were used. RT was delivered either by a
standard fractionation (1.8–2 Gy/fraction; 5 fractions/week) for
129 patients (82%), including 80 patients (51%) receiving sequen-
tial CRT and 49 patients (31%) concurrent CRT or by a Late-course
hyperfractionation (LHFRT) was used for the other 28 patients,
including 13 patients (8%) receiving sequential CRT and 15 patients
(10%) concurrent CRT. In the conventional fractionation scheme
group, fractional doses were: 1.8 Gy for 15 patients, 1.9 Gy for 10
patients and 2.0 Gy for 104 patients. In the LHFRT group, patients
experienced a treatment course of 36–40 Gy in 20 fractions in
4 weeks. This sequence was followed by a b.i.d. RT (2 daily frac-
tions of 1.2 Gy, 5 days a week, with a 6-h minimal interval between
2 fractions). The median total tumor dose was 61 Gy, ranging from
40 to 76.5 Gy.
Esophagus DVH parameters
The same physician contoured the external wall of esophagus,
from the inferior border of the cricoid cartilage to the gastroesoph-
ageal junction. Normal esophagus DVHs were obtained for all 157
patients. When fractionation was different from 2 Gy/fraction, the
physical dose was converted into biologic effective dose (BED)
using the linear-quadratic (LQ) cell survival model, with a a/b ratio
of 10 Gy [13,14]. The median BED to the PTV was, therefore,
73.5 Gy, ranging from 45.7 to 89.3 Gy.
Because uniform dose–volume distributions are required in the
Lyman NTCP model, the Kutcher and Burman DVH reduction
scheme was used [9]. The non-uniform DVH was reduced for each
patient to a uniform one with an effective volume (Veff) and a dose
equal to the maximum dose to the organ. Veff corresponded, there-
fore, to the esophagus volume, which, if irradiated uniformly to the
maximum dose, would be associated with the same complication
probability than the non-uniform actually delivered dose.
Scoring of acute radiation-induced esophagitis (AE)
The patients were examined once a week by the radiation
oncologist during their radiation treatment. At baseline and during
the irradiation treatment, the patient’s weight was measured
weekly. After completion of radiotherapy, patients were followed
every month for the ﬁrst 3 months and every 3 months thereafter.
AE, assessed by a review of the referring physicians’ notes, was
graded using the Radiation Therapy Oncology Group (RTOG) and
European Organization for Research and Treatment (EORTC) of
Cancer toxicity grading scale (Table 3).
Lyman NTCP model
Data were ﬁt to the empiric Lyman NTCP model which describes
the probability of a complication after uniform radiation of a frac-
tional volume of normal tissue (m) to a dose (D), assuming a sig-
moid dose–response relationship, as follows [15]:
NTCP ¼ UðtÞ ¼ 1ﬃﬃﬃﬃﬃﬃ
2p
p
Z t
ÿ1
exp
ÿx2
2
 
dx
where
t ¼ ðDÿ TD50ðmÞÞ=ðm  TD50ðmÞÞ
TD50(m) represents the tolerances doses associated with a 50% risk
of complications for a uniform partial esophageal irradiation.
Table 1
Patient and tumor characteristics.
Characteristics Number of patients n = 157 (%)
Gender
Male 123 (78)
Female 34 (22)
Age (median, range) 61 years (26–78)
Karnofsky Performance score
(median, range)
90% (60–100)
Histology
Squamous cell carcinoma 92 (59)
Adenocarcinoma 60 (38)
Adeno-squamous carcinoma 5 (3)
Stage
I 17 (11)
II 8 (5)
IIIA 59 (38)
IIIB 55 (35)
IV 18 (11)
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TD50(m) is related to the whole esophagus (m = 1) tolerance through
the power law relationship:
TD50ðmÞ ¼ TD50ð1Þmÿn
TD50(1) represents the tolerance of the whole organ to irradiation,
m characterizes the steepness of the dose response at TD50(1), and
n represents the volume effect, which relates the tolerance doses
of a uniform whole organ irradiation to a uniform partial organ irra-
diation. When n is near 1, the volume effect is large and when it is
near 0, the volume effect is small.
Normal esophageal DVH and the occurrence or lack of occur-
rence of AE from the 157 patients comprised the input data for
the determination of the LKB model parameters, using a maximal
likelihood analysis. The NTCP model parameters TD50(1), m and n
were adjusted to maximize the probability of predicting complica-
tions for those patients who experienced complications and mini-
mize the probability of predicting no complications for those
patients who were complication free.
For each patient i, let the vectors di and mi be the normalized
dose–volume histogram, when the components of mi summed to
1 and the components of di were divided by the uniform dose Di,
so that the largest component of di equals, or is very close to 1.
Let the components of di and mi be dij and mij, respectively, where
‘‘j’’ represents the number of dose–volume bins for each patient’s
DVH (range of j approximately 50–150). Let Ri = 1 if the patient i
experienced AE and Ri = 0 otherwise. Using the LKB NTCP model,
the effective volume (Veff) of the esophagus is
V effi ¼
X
j
v ijd
1=n
ij
where n represents the volume effect parameter relating the toler-
ance dose of uniform whole organ irradiation to uniform partial or-
gan irradiation[16]. The dose associated with a 50% risk of
complication (D50i), related to Veff for patient i is then as follows:
D50i ¼ TD50ð1Þ  Vÿneffi
A probit model was assumed for the probability of AE of patient
i:
pi ¼ piðm; n; TD50ð1Þ; Di; di; v iÞ ¼ U
Di ÿ D50i
m  D50i
 
The log-likelihood for the entire data set,
Lðm; n; TD50ð1ÞÞ ¼
X
i
ðlogðpiÞRi þ logð1ÿ piÞ1ÿRiÞ
was then maximized over all feasible values of TD50(1), m and n
using Quasi–Newton and line-search algorithm implemented in
Matlab software (The MathWorks, Inc.) [17].
The uncertainty in the ﬁtted parameters was assessed by the
proﬁle likelihood method. We varied each parameter separately
around its optimum value and determined the lower and upper
bound value of the parameter at which the natural log of the like-
lihood function dropped by 3.84/2. The parameter value was varied
while the likelihood function was maximized with the two other
parameters. The value of 3.84 corresponds to a conﬁdence level
of 95% with 1 degree of freedom for a v2 distribution [18]. To study
the goodness of NTCP ﬁt, v2 and p values were calculated. The devi-
ance of a given set of parameters has an approximate v2 distribu-
tion, where values closer to 0 indicate a signiﬁcant lack of ﬁt. [16].
Function ‘‘lillietest’’ from software ‘‘Matlab’’ was also used to test
the goodness of ﬁt to a normal distribution.
Because our preliminary multivariate analysis showed that con-
current CRT was a strong predictor of grade 2 or worse AE [5], the
patients were divided into two groups, having received (group 2)
or not concurrent CRT (group 1), to identify the parameters
(TD50, n, and m) of the LKB NTCP model.
Univariate and multivariate analyses
Patients experiencing grade 2 or higher esophagitis were
counted as events. Patient and tumor analyzed parameters were:
age, gender, Karnofsky Performance score, T stage and localization
of the tumor (right, left, mediastinum). Therapeutic factors ana-
lyzed included: chemotherapy given either sequentially or con-
comitantly to radiotherapy, total dose of radiotherapy,
fractionation (LHFRT), esophagus maximum dose, mean dose,
V15–V60 (for the percentage of esophageal volumes receiving P15
to P60 Gy), and the NTCP values.
When studying the univariate association between AE and sev-
eral clinical or therapeutic factors, a v2 test was used to compare
the frequencies. A Mann–Whitney U test and univariate binary lo-
gistic regression were used to analyze the impact of continuous
variables on this toxicity. Multivariate analysis was performed
using the forward stepwise procedure of the binary logistic regres-
sion model containing all statistically signiﬁcant variables in uni-
variate analysis (p 6 0.05). Receiver operating characteristic
(ROC) curves have been used to identify discriminate threshold.
Results
Among the 157 patients, 35 patients (22%) developed Grade 2
AE and 20 patients (13%) grade 3 AE. No grade 4 or 5 AE were,
therefore, observed. Grade 2 or 3 AE was reported in 24% of group
1 patients (receiving RT alone or sequential CRT) and in 52% of
group 2 patients (RT combined with concomitant chemotherapy).
Using the maximum likelihood method, signiﬁcant LKB NTCP
model parameters predicting forP grade 2 AE have been identiﬁed
for each group of treatment, receiving (group 2) or not (group 1)
concurrent CRT. They are shown in Table 4. The NTCP curves of
the two groups of treatment are presented in Fig. 1. NTCP values
for the group 2 patients were strongly increased by concurrent
CRT. Fig. 2 represents the predicted and observed NTCP values
for AE in the 93 group 1 patients (who did not receive concomitant
CRT), using the identiﬁed LKB NTCP model parameters (m = 0.15,
n = 0.29, TD50 = 46 Gy and Veff = 0.24). Seven observation points
were calculated from patients grouped with different dose thresh-
olds and distributed around the NTCP curve. Both the two methods
(v2 and ‘‘lillietest’’ function) to estimate results indicated that
these 7 observations followed normal distribution and the ﬁtted
parameters described the NTCP results (v2 = 5.61 and p < 0.1).
Univariate analysis shows a signiﬁcant impact of the following
parameters on grade 2 or 3 AE: chemotherapy (given either con-
comitantly or sequentially), late-course hyperfractionation, mean
and maximum dose in the esophagus, V15, V20, V25, V30, . . ., V60
and NTCP values (Table 5). Using a ROC analysis, V50 being < or
P11% increased dramatically the risk of toxicity (RR = 8.1 (95%
CI: 3.5–18.8), p < 0.001). In multivariate analysis, the only signiﬁ-
cant factors of AE were: NTCP (p < 0.001) and V50, as continuous
variable (RR = 1.03 (95% CI: 1.01–1.6), p = 0.035) or being more
than a threshold value of 11% as (RR = 3.6 (95% CI: 1.4–9.6),
p = 0.009).
Discussion
Radiotherapy is an important part of the comprehensive ther-
apy of NSCLC. A meta-analysis reported that 64% of all NSCLC cases
require radiotherapy, with 46% as their initial treatment [19]. AE is
a common dose-limiting complication in lung cancer radiotherapy.
Therefore, prediction of AE is an issue at the treatment planning
time to limit treatment interruption and therefore improve local
control. DVH and NTCP models have been therefore tested in this
objective. However, uncertainties are presented in NTCP models
and some authors have challenged their utility [20]. Thus, clinical
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studies are strongly needed to conﬁrm the ability of NTCP model to
predict toxicity. In this study, we were able to identify parameters
of the NTCP model predicting AE in 3DCRT for NSCLC. If the univar-
iate analysis shows a high number of signiﬁcant dosimetric predic-
tors of toxicity, NTCP values and V50 remain the only signiﬁcant
predicting factors of this toxicity, demonstrating the interest of
the NTCP model. Indeed, the use of this model in our daily practice
allows comparing different radiation planning for a given patient
and chose therefore the most appropriate patient to minimize
AE. In addition, NTCP model can also be used at the inverse optimi-
zation step in case of intensity modulated RT (IMRT).
We conﬁrmed the results of our preliminary study demonstrat-
ing that concurrent CRT increases dramatically (by >100%) the
riskP grade 2 AE [5]. This result has also been reported in several
other studies [21–28]. Based on this ﬁnding, we divided our series
of 157 patients into two groups and ﬁtted their NTCP model
parameters, respectively. Fig. 1 shows that concurrent CRT pro-
vides much more AE risk than that without concurrent CRT reﬂect-
ing the proper toxicity and the radio-sensitization effect of such
drugs on esophageal mucosa. For patients without concurrent
CRT, almost no AE appears when dose 6 40 Gy is distributed uni-
formly on esophagus. However, for the group with concurrent
CRT, AE appears at a low dose of radiotherapy. Rodriguez et al. also
reported that lung cancer patients receiving concurrent CRT expe-
rienced esophagitis grade 2 after only a total dose of 20 Gy
[29].Several studies have shown that concurrent hyperfractionated
CRT increases the incidence of AE. Bradly et al. reported a rate of
34% ofP grade 3 with concurrent hyperfractionated CRT [22]. This
rate was only 6% for patients treated with induction chemotherapy
and standard RT and only 1.3% in patients receiving concurrent CRT
and sequential CRT. The three-arm phase RTOG 94-10 III trial ad-
dressed both the critical issue of chemo-radiation sequencing
and hyperfractionation in non-operable advanced NSCLC. The inci-
dence of grade 3 to 4 esophageal toxicity was signiﬁcantly higher
in both concurrent once-daily (25%) and hyperfractionated (47%)
arms, compared with the sequential arm (4%) [30].
Table 4
Estimation of the LKB model parameters by treatment group (RT with or without concurrent CT) for acute esophagitis.
Treatment group Total nb of patients Nb of patients experiencedP grade 2 AE (%) m (95% CI) n (95% CI) TD50 (Gy) (95% CI)
RT without concomitant CT (group 1) 93 22 (24) 0.15
(0.08–0.32)
0.29
(0.20–0.41)
46
(42–50)
RT with concomitant CT (group 2) 64 33 (52) 0.42
(0.36–0.56)
0.09
(0.07–0.63)
36
(34–56)
LKB model: Lyman Kutcher and Burman model, nb: number, RT: radiotherapy, CT: chemotherapy, AE: acute radiation-induced esophagitis (RTOG).
Fig. 1. NTCP curves of two treatment groups of patients (receiving or not
concomitant chemo-radiotherapy) for acute esophagitis. NTCP: normal tissue
complication probability model; RT: 3D conformal radiotherapy only; Seq CRT’:
sequential chemo-radiotherapy; Con CRT: concurrent chemo-radiotherapy.
Fig. 2. Predicted and observed NTCP for acute esophagitis in the group 2 (no
concomitant chemo-radiotherapy) with the following LKB model parameters:
m = 0.15, n = 0.29, TD50 = 46 Gy and Veff = 0.24. NTCP: normal tissue complication
probability model; LKB model: Lyman Kutcher and Burman model, con CRT:
concurrent chemo-radiotherapy.
Table 5
Prognostic value of therapeutic factors associated with acute esophagitis (AE) in
univariate analysis.
Parameters E < grade 2 AEP grade 2 p value
Sequential CRTa No 36 10 0.025
Yes 66 45
Concurrent CRTa No 71 22 <0.001
Yes 31 33
LHFRTa No 90 39 0.007
Yes 12 16
Total dose (Gy) (mean, SD) 59.9 ± 8.2 61.8 ± 5.9 0.169
Dmax (Gy) (mean, SD) 54.2 ± 18.2 66.3 ± 10.7 0.001
Dmean (Gy) (mean, SD) 18.0 ± 11.6 27.1 ± 11.8 0.001
V15 39.7 ± 22.0 52.6 ± 18.1 0.001
V20 34.2 ± 21.6 48.4 ± 19.0 <0.001
V25 29.0 ± 21.2 44.2 ± 19.5 <0.001
V30 25.1 ± 20.9 41.5 ± 20.1 <0.001
V35 22.3 ± 20.4 38.7 ± 20.0 <0.001
V40 19.7 ± 19.0 36.1 ± 19.8 <0.001
V45 16.3 ± 17.9 33.3 ± 20.2 <0.001
V50 14.4 ± 17.0 30.8 ± 19.9 <0.001
V55 12.0 ± 15.7 27.7 ± 19.0 <0.001
V60 9.0 ± 13.8 21.5 ± 16.3 <0.001
NTCP (mean, standard deviation) 0.29 ± 0.29 0.71 ± 0.23 <0.001
LHFRT: Late-course hyperfractionation, Vx: corresponds to the mean value of the
volume of esophagus (in%) receiving more than a given ‘‘x’’ dose ± standard
deviation.
a Number of patients.
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The primary objective of the present study was to evaluate the
ability of the LKB NTCP model to describe radiation-induced acute
esophagitis following lung tumor irradiation, by determining up-
dated model parameters. To our knowledge, this is the ﬁrst study
providing speciﬁc values of the parametersm, n, TD50 for AE in Chi-
nese population (m = 0.15, n = 0.29, TD50 = 46 Gy). Fig. 3 allows the
comparison from the literature of different NTCP for AE in case of
radiotherapy alone or combined with sequential CT: the original
LKB model estimated by Burman et al. from the US in 1991
(m = 0.11, n = 0.06, TD50 = 68 Gy) [31], the model estimated by Bel-
derbos et al. from Netherland in 2005 (m = 0.36, n = 0.69,
TD50 = 47 Gy) [21], the model estimated by Chapet et al. from the
US in 2005 (m = 0.32, n = 0.44, TD50 = 51 Gy) [32] and ﬁnally our
model. The solid curve representing our model has almost the
same sigmoid aspect as Burman’s curve. Most complications of
these two groups appeared at 45–95 Gy. However, Burman curve
lies entirely to the right of the solid one likely, because Burman re-
ported parameters for clinical structure/perforation, which consti-
tutes a grade 4 event according to the RTOG scale.
The value of ‘m’ found in the current study (=0.15) for AE is
lower than the values found by Belderbos et al. (=0.36) and Chapet
et al. (=0.32). Following the deﬁnition of ‘‘m’’, complications in our
current study could be expected to appear in a relatively narrow
range of dose around TD50 (or alternately, that the distribution of
complications versus dose for uniform partial volume esophagus
irradiation in a population of patients would have a narrow
spread). Our clinical experience also shows that chemotherapy of-
ten induces the complications that appear concentrically at a nar-
row prescription dose area.
The low value ‘‘n’’ (=0.06) found by Burman indicates a serial
tissue model for late esophagitis. The ‘‘n’’ value of 0.29 obtained
in our series indicates a stronger volume effect for acute esophagi-
tis than for late esophageal toxicity. However, the ‘‘n’’ value calcu-
lated for acute esophagitis by Belderbos et al. (=0.69) and Chapet
et al. (=0.44) appears even superior to our value. Moreover, the re-
sults presented either in Table 6 of our previous publication [5] or
found in this paper demonstrate that the volume of esophagus irra-
diated in the 40–60 Gy dose range was signiﬁcantly larger for pa-
tients experiencing higher grade acute esophageal complications
(grade 2–3 vs. grade 0–1). It is also interesting to note that the
same difference was found by Chapet et al., however much smal-
ler[32]. These results suggest a lower volume effect for Chinese pa-
tients. According to this conclusion, radiation oncology physician
and physicist in China, or even in Asia, may pay attention to high
doses on small esophageal volumes or even hot spots for patients
with NSCLC.
The ‘‘TD50’’ value for acute esophagitis in the current study
(=46 Gy) appears relatively comparable with the other values pub-
lished by Belderbos et al. (=47 Gy) and Chapet et al. (=51 Gy), in
accordance with clinical symptoms observed during treatment.
According to our clinical experience, complications often appear
during the third or fourth week of treatment while patients, at
doses corresponding to 24–28 Gy. Suzuki et al. [33] also show that
77% patients began to present esophageal symptoms after
30.2 ± 3 Gy of radiation, analyzing a series 65 cases of radiation
esophagitis occurring in the treatment for lung cancer. This conclu-
sion may suggest a lower radiation dose tolerance of esophagus ap-
pears in Chinese population.
Fig. 4 presents NTCP curves for different effective volumes (Veff).
It predicts that NTCP value will be smaller than 5% even when dose
less than 35 Gy is delivered on the whole esophageal volume
(Veff = 1), while NTCP value will raise signiﬁcantly at large effective
volumes when dose increases more than 35 Gy. As the same dose is
delivered to partial esophageal tissue, different Veff will predict
much different NTCP values. Even for the small effective volume
(Veff = 0.1) irradiation, if dose on esophagus is high enough
(>60 Gy), NTCP will also increase sharply, which suggest a small
volume effect for AE in NSCLC. Usually, relative percentage of
esophageal volume like V20, V35, V45, V50, V60 has been found to pre-
dict the risk of AE [1,22–24]. Fig. 4 also shows that irradiated effec-
tive volumes would play a key role when predicting AE at a given
prescription dose.
Literature and clinical experiences show different characteris-
tics in esophageal carcinoma between Asian and Western patients
[5,21,34,35]. Indeed, for the Asian patients esophageal carcinoma
often appear at the superior-middle segments of the esophagus
and are mostly squamous cell carcinoma. For the Western patients,
they are more frequently located at the lower segment of the
esophagus and are mostly adenocarcinoma. By extrapolation of
this different natural history of esophagus carcinoma, AE may be
different between these two populations due to ethnic diversity
or different eating habits, explaining different NTCP parameters.
Such conclusions and our results must, however, be moderated
by several limitations in our study: the limited number of patients,
the heterogeneity of the treatment and the retrospective collection
of the data. These limitations may impact on the accuracy of the
values of our NTCP parameters, keeping nevertheless the fact that
our NTCP model predicts signiﬁcantly AE in multivariate analysis.
In conclusion, we identiﬁed a NTCP model to predict AE in case
of thoracic irradiation, combined or not with chemotherapy, in a
Chinese population. However, if AE is clearly related to the dose
distribution, other clinical risk factors and patient genetic factors
may also affect this AE and need to be clariﬁed in further prospec-
tive studies.
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CRPC by patient subgroups (ClinicalTrials.gov; NCT00286091; Sponsored
by Amgen Inc).
Methods: Men with non-metastatic CRPC at high-risk for bone metastasis
(PSA value ¾8.0 ng/mL and/or PSA doubling time ¶10.0 months) were
randomized 1:1 to receive either monthly subcutaneous denosumab
120mg or placebo. Calcium and vitamin D supplements were encouraged.
Enrollment began February 2006; primary analysis cut-off was July 2010,
when >660 men had bone metastasis or died. The primary endpoint was
time to ﬁrst bone metastasis or death from any cause, i.e. bone metastasis-
free survival. Here we assessed time to bone metastasis-free survival by
patient subgroup including baseline PSA risk group (a) dual risk factors:
PSA ¾8.0 ng/mL + PSA doubling time ¶10.0 months vs (b) single risk
factor: PSA <8.0 ng/mL + ¶10.0 months or ¾8.0 ng/mL + >10.0 months,
Gleason score (2−7 or 8−10), age (<75 years old or ¾75 years), ethnicity
(white or other), and geographic location (North America, Europe, or rest
of world).
Results: 1432 men were enrolled; 716 in each arm. Denosumab
signiﬁcantly increased median bone metastasis-free survival by 4.2 months
compared with placebo (29.5 and 25.2 months, respectively; Hazard Ratio
[HR] 0.85 [0.73–0.98], P = 0.03). This beneﬁt on bone metastasis-free
survival was consistently observed among all patient subgroups (range
of HRs 0.79–0.95). Denosumab also delayed time to symptomatic bone
metastasis (0.67 [0.49–0.92]; P = 0.01). Primary results including efﬁcacy
and safety have been presented previously (Smith et al, AUA 2011).
Conclusion: Denosumab signiﬁcantly prolonged bone metastasis-free
survival compared with placebo among all men, with consistent results
observed among subgroups of disease and demographic variables. This
is the ﬁrst large, clinical trial to demonstrate that targeting of the bone
microenvironment signiﬁcantly delays onset of bone metastases.
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Pain Outcomes in a Randomized Phase 3 Clinical Trial of Denosumab
Vs Zoledronic Acid (ZA) in Patients With Solid Tumours and Bone
Metastases
L. Fallowﬁeld1, R. von Moos2, D. Patrick3, C.S. Cleeland4, D.H. Henry5,
V. Hirsh6, K. Zarogoulidis7, W. Ying8, Z. Cong9, H. Yeh10. 1University of
Sussex, Cancer Research UK, Brighton, United Kingdom; 2Kantonsspital
Graubu¨nden, Oncology, Chur, Switzerland; 3University of Washington,
Health Services, Seattle, USA; 4University of Texas, Symptom Research
Division of Internal Medicine, Texas, USA; 5Pennsylvania Hospital, Joan
Karnell Cancer Center, Philadelphia, USA; 6McGill University Health
Centre, Oncology, Montreal, Canada; 7Aristotle University of Thessaloniki
G. Papanikolaou Hospital, Pulmonary Department, Thessaloniki, Greece;
8Amgen Inc., Biostatistics, Thousand Oaks, USA; 9Amgen Inc., Health
Economics, Thousand Oaks, USA; 10Amgen Inc., Clinical Research,
Thousand Oaks, USA
Background: Bone metastases in patients with advanced cancer
commonly cause pain and can lead to skeletal-related events (SREs).
Denosumab is a fully human monoclonal antibody against RANK Ligand
that delayed or prevented SREs more effectively than ZA in patients with
solid tumours and bone metastases in a randomized phase 3 clinical trial
(Henry D et al, J Clin Oncol. 2010. Abstr 9133). We present here the
pain outcomes for patients with solid tumours. Patients with breast or
prostate tumours were not enrolled in the trial (sponsored by Amgen Inc.,
ClinicalTrials.gov identiﬁer NCT00330759).
Methods: Eligible patients received 120mg of denosumab SC or 4mg
of ZA IV every 4 weeks in a randomized, multinational, double-blind,
double-dummy trial. Patient-reported pain was assessed with the Brief Pain
Inventory (0: no pain-10: pain as bad as can be imagined) at baseline (BL),
day 8, and before each monthly visit. Analgesic use was assessed by
the 8-point Analgesic Quantiﬁcation Algorithm (AQA). Analyses included
time to moderate/severe pain (>4 points), proportion of patients with
no/mild pain (0−4) at BL reporting moderate/severe pain by visit, time to
clinically signiﬁcant worsening of pain (¾2-point increase from BL), time to
clinically signiﬁcant improvement in pain (¾2 point decrease from BL), and
proportion of patients shifting from no or low analgesic use (AQA¶ 2) at
BL to strong opioid use (AQA¾ 3) by visit.
Results: At BL, mean worst pain scores were 4.9 points (SD=2.8) for
the denosumab group (N = 799) and 5.2 points (SD=2.9) for the ZA group
(N = 797). Patients with no/mild pain at BL (n = 596) experienced a delay
in median time to moderate/severe pain with denosumab treatment (144
days) compared with ZA treatment (112 days) (HR 0.81, CI: 0.66−1.0,
P = 0.0499). The proportion of patients with no/mild pain at BL reporting
moderate/severe pain on study was lower at each visit with denosumab
treatment than with ZA treatment. Denosumab-treated patients also
experienced a delay in clinically signiﬁcant worsening of pain compared
with ZA-treated patients (median: denosumab 143 days, ZA 119 days;
HR 0.86, CI: 0.74–0.99, P = 0.0392). The time to clinically signiﬁcant
improvement in pain was similar between treatment groups. Compared
with ZA, a lower proportion of patients receiving denosumab shifted from
low or no analgesic use to strong opioid use at each visit.
Conclusion: In patients with solid tumours, denosumab delayed the time
to increased pain severity compared with ZA. Also, a lower proportion of
patients receiving denosumab required increased analgesic use over time.
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PSA Measurement at the Fifth Week of Radiotherapy Is an
Independent Predictor of Failure in Intermediate Risk Prostate
Cancer Patients
R. de Crevoisier1, T. Messai2, P. Wibault2, A. Bridier2, P. Blanchard2,
J.D. Ospina3, M. Bakkour2, A. Bossi2. 1Centre Euge`ne Marquis
INSERM642, Ille et vilaine, Rennes, France; 2Gustave-Roussy, Ile de
France, Villejuif, France; 3 INSERM 642, Ile et Vilaine, Rennes, France
Background: The objective was to identify early predictor of recurrence
during exclusive radiotherapy for intermediate risk prostate cancer patients.
Material and Methods: A total of 240 patients of median age 71
years (range: 50−83 years) received exclusive external beam radiotherapy
(EBRT) for intermediate prognostic group prostate cancer (D’Amico
classiﬁcation). T stages were: stage 1 (45%) and stage 2 (55%). Gleason
scores were: scores ¶6 (57%) and score 7 (43%). Mean pre-treatment
PSA (PSA0) value was 11 ng (range: 1.4−20). All the patients received a
total dose of 70 Gy in 7 weeks, either in 2.0 Gy/fraction, 5 fr/week (n = 53) or
2.5 Gy/fr, 2.0 Gy/ week (n = 187). PSA was also measured at the ﬁfth week
after treatment started (PSA5). Cox regression and log-rank test were used
to analyze the impact of the following variables on biochemical failure (BF:
nadir + 2 ng/ml) and clinical failure (CF) (metastases): T stage, Gleason
score, PSA0, PSA5, PSA ratio (PSA5/PSA0) and dose/fraction.
Results: Median follow-up was: 58 months (range: 6–235). Five year BF
and CF rates were 28% (95%CI: 23%-33%) and 5.5% (95%CI: 2%-9%
), respectively. Median PSA5 was 8 ng (range: 0.8−30) and median PSA
ratio was 0.72 (range: 0.14−3.7).
In univariate analysis, PSA5 was found signiﬁcant on BF (p < 0.01; odds
ratio =1.13). Neither the PSA0, PSA ratio as continuous variable, T stage,
the Gleason score and the dose/fr were found as predictors for BF. PSA
ratio >0.8 increased signiﬁcantly the risk of BF(p = 0.01; odds ratio =2.0).
In multivariate analysis, PSA ratio >0.8 remained the only predictor of BF
(p = 0.03; odds ratio =2.3).
As there are only 13 events of CF, multivariate analysis was not feasible.
In univariate analysis, neither the PSA0, PSA ratio as continuous variable,
T stage nor the Gleason score were found as predictors for CF. However,
PSA5 (p = 0.01; odds ratio =1.13) as well as PSA ratio >0.8 had a signiﬁcant
impact on CF (logrank test: p = 0.04).
Conclusions: PSA measured at 5th week of radiotherapy and PSA ratio
(PSA5/PSA0) can be use as simple early predictor of recurrence among
intermediate risk prostate cancer patients receiving exclusive radiotherapy.
“Bad responders“ (PSA ratio >0.8) could receive “intensiﬁed” treatment like
androgen deprivation combined with high dose radiotherapy.
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Predictive Models of Rectum Toxicity in Prostate Cancer
Radiotherapy
R. De Crevoisier1, J. Zhu2, J.D. Ospina2, E. Le Prise´3, A. Bossi4,
T. Messai4, K. Gnep3, V. Beckendorf5, F. Polet5, A. Simon2. 1Centre
Euge`ne Marquis Inserm U642, De´partement de Radiothe´rapie,
Rennes, France; 2 Inserm U642, Laboratoire Traitement du Signal et
de l’Image, Rennes, France; 3Centre Euge`ne Marquis, De´partement de
Radiothe´rapie, Rennes, France; 4 Institut Gustave Roussy, De´partement
de Radiothe´rapie, Villejuif, France; 5Centre Alexis Vautrin, De´partement
de Radiothe´rapie, Nancy, France
Background: In case of prostate 3D conformal radiotherapy (3DCRT): - To
identify patients and treatment predictors of rectal toxicity; - To compare the
performance of different Normal Tissue Complication Probability (NTCP)
models for predicting rectal toxicity.
Materials and Methods: A total of 439 patients (pts) received 3DCRT
for localized prostate cancer to a median total dose of 78 Gy (range:
70 to 80Gy), 2 Gy/fraction. Pts were selected based on the availabilityof
dose-volume histograms (DVH). Median age was 67 years (45−78).
History of abdominal or pelvic surgery, anticoagulant therapy (ACT) and
diabetes were observed in 30%, 15% and 6% of pts, respectively. Tumour
prognostic groups (D’Amico classiﬁcation) were: good (7%),medium (65%)
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and bad (28%). The data were collected prospectively for 42% of patients.
Rectal toxicity was analyzed according to the SOMALENT classiﬁcation
(>Grade 2) and rectal bleeding (at least once episode) at 2, 3, 4 and 5
years. The effects of pts characteristics, DVH (including mean dose) and
NTCP models on rectal toxicity at the different follow-ups were assessed
using logistic regression (univariate and multivariate analysis). A total of
6 NTCP models were tested: Lyman Kutcher Burman (LKB), logit EUD,
Poisson EUD, Kallman, Schultheiss and Parallel models. The parameters
of the models were identiﬁed using the MATLAB Genetic Algorithm Toolbox
and constrained optimization. The performance for predicting toxicity of the
models was performed using Efron’s pseudo R squared.
Results: Median follow-up was 60 months (range: 6 to 154). Two-, 3-,
4- and 5-year grade >2 toxicity rates were: 15%, 21%, 25% and 30%,
respectively. Two-, 3-, 4- and 5-year rectal bleeding rates were: 21%,
28%, 32% and 38%, respectively. Univariate analysis shown following
parameters as signiﬁcant predictor of 4-year grade >2 toxicity: total
prescription dose, V71 to V73 and maximal rectal dose. In multivariate
analysis, the remaining factors were total dose, V72 and V73. The table
shows the parameters of the NTCP models. The NTCP models which
probability values are signiﬁcantly related with bladder toxicities are:
LKB, Logit EUD and Poisson EUD models. The model having the better
predictive capability is Poisson EUD model.
Conclusions: Both, some DVH parameters and three NTCP models
(Poisson EUD model being the most predictive) are useful to assess rectal
toxicity and could be used as constrains in IMRT planning.
Table: NTCP of 4 Year rectal toxicity (grade ¾2)
Model TD50 (Gy) Volume Effective Factor Slope Factor Log-Likelihood
(p value)
LKB 79.14 n=0.0025 m=0.2705 159.05
(0.0022)
LogitEUD 80.57 n=0.0063 k = 9.5959 159.08
(0.0022)
PoissonEUD 81.50 n=0.0063 g=2.1618 158.95
(0.0018)
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Predictive Models of Bladder Toxicity in Prostate Cancer
Radiotherapy
J. Zhu1, A. Simon2, J.D. Ospina2, E. Le Prise´3, A. Bossi4, C. Chira3,
K. Gnep3, V. Beckendorf5, V. Polet5, R. De Crevoisier6. 1Southeast
University, Laboratory of Image Science and Technology, Nanjing,
China; 2 INSERM U642, Laboratoire Traitement du Signal et de
l’Image, Rennes, France; 3Centre Euge`ne Marquis, De´partement de
Radiothe´rapie, Rennes, France; 4 Institut Gustave Roussy, De´partement
de Radiothe´rapie, Villejuif, France; 5Centre Alexis Vautrin, De´partement
de Radiothe´rapie, Nancy, France; 6Centre Euge`ne Marquis INSERM
U642, De´partement de Radiothe´rapie, Rennes, France
Background: In case of prostate 3D conformal radiotherapy (3DCRT), the
objectives were:
– To identify patients and treatment predictors of bladder toxicity;
– To compare the performance of different Normal Tissue Complication
Probability (NTCP) models for predicting bladder toxicity.
Materials and Methods: A total of 436 patients (pts) received 3DCRT
for localized prostate cancer to a median total dose of 78 Gy (range:
70 to 80Gy), 2 Gy/fraction. Pts were selected based on the availability
of dose-volume histogram (DVH). Median age was 67 years (45−78).
History of abdominal or pelvic surgery, anticoagulant therapy (ACT) and
diabetes were observed in 30%, 15% and 6% of pts, respectively. Tumour
prognostic groups (D’Amico classiﬁcation) were: good (7%), medium (65%)
and bad (28%). The data were collected prospectively for 42% of patients.
Bladder toxicity was analyzed according to the SOMALENT classiﬁcation
(¾ Grade 2) and bladder bleeding (at least once episode) at 2, 3, 4 and 5
years. The effects of pts characteristics, DVH (including mean dose) and
NTCP models on bladder toxicity at the different follow-ups were assessed
using logistic regression (univariate and multivariate analysis). A total of
6 NTCP models were tested: Lyman Kutcher Burman (LKB), logit EUD,
Poisson EUD, Kallman, Schultheiss and Parallel models. The parameters
of the models were using the MATLAB Genetic Algorithm Toolbox and
constrained optimization. The performance for predicting toxicity of the
models was performed using Efron’s pseudo R squared.
Results: Median follow-up was 60 months (range: 6 to 154). Two-, 3-,
4- and 5-year grade ¾2 toxicity rates were: 15%, 19%, 24% and 30%,
respectively. Two-, 3-, 4- and 5-year bladder bleeding rates were: 6%,
9%, 11% and 16%, respectively. Univariate analysis shown following
parameters as signiﬁcant predictor of 4-year grade ¾2 toxicity: diabetes,
total prescription dose and maximal bladder dose (none of the DVH values).
In multivariate analysis, the remaining factor was the total dose. The table
shows the parameters of the signiﬁcant NTCP models.
The NTCP models which probability values are signiﬁcantly related with
rectal toxicities are: LKB, Logit EUD, Poisson EUD and Schultheiss models.
The model having the better predictive capability is LKB model.
Conclusions: NTCP models (LKB model being the most predictive) are
useful to assess bladder toxicity and could be used as constrains in IMRT
planning.
NTCP of 4 Year bladder toxicity (grade ¾2)
Model TD50 (Gy) Volume Effective Factor Slope Factor Log-Likelihood
(p value)
LKB 80.56 n=0.0920 m=0.3641 158.12
(0.0038)
LogitEUD 81.00 n=0.0431 k = 7.6206 157.91
(0.0049)
PoissonEUD 82.19 n=0.0409 g=1.7510 157.88
(0.0045)
Schultheiss 71.38 − k = 8.2548 160.69
(0.0089)
7008 POSTER DISCUSSION
Twenty-four-month Safety Data From Phase II Studies of Radium-223
Chloride, a First-in-class Alpha-pharmaceutical With a Highly
Favorable Safety Profile for Patients With Castration-resistant
Prostate Cancer (CRPC) and Bone Metastases
S. Nilsson1, I. Haugen1, A. Aksnes1, C.G. O’Bryan-Tear1, C. Parker2.
1Algeta ASA, Clinical Department, Oslo, Norway; 2The Royal Marsden
Hospital, Academic Urology Unit, Sutton, United Kingdom
Background: Radium-223 chloride (223Ra; Alpharadin™) is a ﬁrst-in-class
alpha-pharmaceutical with a potent, highly targeted antitumour effect on
bone metastases. Phase II trials assessed the safety and efﬁcacy of 223Ra
in patients (pts) with CRPC and bone metastases. Here we report long-
term safety data from the end of the treatment period until 24 months after
the ﬁrst injection of 223Ra.
Methods: Two double-blind, dose-response phase II trials (BC1−03
[NCT00667199], BC1−04 [NCT00337155]) and 1 double-blind, placebo-
controlled phase II trial (BC1−02 [NCT00459654]) of 223Ra were conducted
in 286 pts with CRPC and bone metastases (255 pts received 223Ra;100,
122, and 33 pts in BC1−03, BC1−04 and BC1−02, respectively). Doses
varied from 5 to 100 kBq/kg (single [BC1−03] and repeated injections
[BC1−02 and BC1−04]). Follow-up safety assessments were performed
at months 6, 9, 12, 18, and 24 and included treatment-related adverse
events (AEs), hematology, clinical chemistry, potential long-term toxicity,
and death. Twenty-four month safety data are available for all 3 studies.
Results: A total of 159 pts were included in this analysis. No pts reported
any treatment-related serious AEs during follow-up to 24 months. One
patient had mild diarrhea 2 days after receiving an optional second injection
of 50 kBq/kg 223Ra at the start of follow-up; it was reported as probably
related to the last 223Ra injection. One patient reported lumbar pain after
24 weeks (only treatment-related AEs were reported during follow-up).
CTC grade 4 hematologic toxicity was seen in 1 patient each for platelets,
neutrophils, WBC, and hemoglobin. Across all studies, 7 pts experienced
CTC grade 3 anemia, 5 pts grade 3 thrombocytopenia, and 3 pts grade
3 neutropenia. The BC1−02 study showed no statistically signiﬁcant
difference in hematologic parameters between the 223Ra and placebo
groups during follow-up. No patient reported a secondary diagnosis of
acute myelogenous leukemia, myelodysplastic syndrome, aplastic anemia,
or primary bone cancer. No signs of renal or hepatic toxicity were observed.
The frequency and cause of death during follow-up were as anticipated for
pts with metastatic CRPC.
Conclusion: Safety data from the 24-month follow-up period support
previous ﬁndings of the highly favorable safety proﬁle of 223Ra in pts with
CRPC and bone metastases. A randomized phase III study, ALSYMPCA,
is ongoing worldwide with overall survival as the primary endpoint.
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Sensitivity and Specifity to Detect Local Recurrent Prostate Cancer
Using Dynamic Contrast Enhanced (DCE) MRI Without Endorectal
Coil and MRI Patterns of Post-prostatectomy Recurrence and of Its
Response to Salvage Radiotherapy
H.C. Rischke1, U. Nestle1, N. Volegova-Neher1, K. Henne1, S. Kirste1,
S. Knippen1, W. Schultze-Seemann2, A.L. Grosu1. 1Universita¨tsklinikum
Freiburg, Radiation Oncology, Freiburg, Germany; 2Universita¨tsklinikum
Freiburg, Urology, Freiburg, Germany
Purpose: To determine sensitivity and speciﬁty of dynamic contrast
enhanced magnetic resonance imaging (DCE-MRI) without endorectal coil
Abstracts / Cancer/Radiothérapie 15 (2011) 560–572 565
∗Auteur correspondant.
E-mail: cmirjolet@cgﬂ.fr (C. Mirjolet).
Objectifs.– L’objectif de cette étude était d’évaluer, pour des patients
traités pour un cancer de la prostate, si les critères dosimétriques
classiques issus des histogrammes dose–volume, peuvent prédire
la toxicité tardive dans le contexte d’une radiothérapie conforma-
tionnelle avec modulation d’intensité (RCMI).
Patients et méthodes.– Au total, 170hommes ont été traités par
irradiation conformationnelle avec modulation d’intensité, avec
repositionnement quotidien par échographie tridimensionnelle,
pour la prise en charge d’un cancer de la prostate localisé. La
médiane de dose prescrite était de 78Gy [74–78]. Après délinéation
des organes à risque in toto (rectum, vessie, bulbe) sur la scano-
graphie de planiﬁcation, les critères dosimétriques suivants ont
été recueillis : D98 (dose rec¸ue par 98% du volume), Dmoyenne
(Dmoy), V60, V70et V75 (volumes recevant 60, 70 et 75Gy. La
toxicité tardive (≥6mois) a été évaluée selon la CTCAE (Common
Terminology Criteria for Adverse Events) V3.0. La corrélation entre
cette toxicité et les paramètres dose/volumes a été analysée selon
le modèle de Cox.
Résultats.– La duréemédianede suivi était de 38,3mois [5,25–87,3].
Les taux de toxicité urinaire de grades 1 et 2 étaient respectivement
de 34,7% et 6,6%, et ceux de toxicité gastro-intestinale de 20,4% et
2,4%. Un seul patient a souffert d’une toxicité urinaire de grade
3. Au plan sexuel, une toxicité de grades 1, 2 et 3ont été notées
respectivement pour 25,8%, 29,3% et 4,8% des patients. Aucun cas
de toxicité de grade 4ou 5n’a été observé. Les Dmoy et D98n’ont
pu prédire la toxicité tardive de grade≥2que ce soit pour la ves-
sie (p=0,84 et p=0,62), le rectum (p=0,18 et p=0,37) ou le bulbe
pénien (p=0,98 et p=0,89). Aucune corrélation n’a pu être mise en
évidenceentre lesdifférentsparamètresdose/volumeset la toxicité
tardive de grade2.
Conclusion.–UneRCMIde78Gypour le traitement d’un cancer de la
prostate entraînepeude toxicité. Les contraintes deshistogrammes
dose–volume validées en radiothérapie conformationnelle trid-
mensionnelles semblent être inadaptées pour prédire une toxicité
tardive signiﬁcative après RCMI. De nouveaux outils cherchant à
évaluer l’aire sous la courbe et les pentes pour les doses intermé-
diaires (40–60Gy) et les doses plus élevées (> 60Gy) sont en cours
d’évaluation dans notre service.
doi:10.1016/j.canrad.2011.07.014
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Identification et comparaison de modèles
prédictifs de toxicité rectale et vésicale en cas
d’irradiation prostatique
K. Gnep a,∗, J. Zhub, C. Chira a, T. Messai c, A. Bossi c,
V. Beckendorfd, E. Le Prisé a, A. Simonb, J.-D. Ospina Arangob,
R. de Crevoisier a
a Centre Eugène-Marquis, Rennes, France
b Inserm U642, Rennes, France
c Institut Gustave-Roussy, Villejuif, France
d Centre Alexis-Vautrin, Nancy, France
∗Auteur correspondant.
E-mail: khemara.gnep@gmail.com (K. Gnep).
Objectifs.– Identiﬁer et comparer des modèles prédictifs de toxi-
cité rectale et vésicale en cas de radiothérapie conformationnelle
prostatique.
Patientes et méthodes.– Au total 439patients ont rec¸u une radio-
thérapie conformationnelle pour un adénocarcinome localisé de
la prostate de dose médiane de 78Gy (70–80), sans irradiation
des aires ganglionnaires. Les patients ont été sélectionnés sur la
disponibilité des histogrammes dose–volume. Les recommanda-
tions du Groupe d’études des tumeurs urogénitales (Gétug) ont été
appliquées. Les caractéristiques des patients étaient : âge médian
de 67ans, antécédent de chirurgie abdominopelvienne dans 30%
des cas, traitement anticoagulant dans 15% et diabète dans 6%.
La toxicité rectale et vésicale a été rapportée selon la classiﬁ-
cation SOMA-LENT (Subjective-Objective-Management-Analytic -
Late Effects of Normal Tissues). Des corrélations ont été recher-
chées entre les caractéristiques des patients et les histogrammes
dose–volume, d’une part, et la toxicité, d’autre part, (test de
régression logistique). Six modèles de «Normal Tissue Complica-
tion Probability » (NTCP) ont été testés (Lyman-Kutcher-Burman
[LKB], Logit equivalent uniform dose (EUD), Poisson EUD, Kallman,
Schultheiss et parallèles) et les constantes des modèles identiﬁées.
Les performances des modèles ont été ensuite comparées (Efron’s
pseudo R squared test).
Résultats.– Le suivi médian était de 60mois (6–154). En ce qui
concerne le risque de toxicité rectale de grade 2ou plus, seules
étaient prédictives à quatre ans en analyse multifactorielles les
V72et la V73 (volumes recevant 72et 73Gy). Trois modèles étaient
signiﬁcativement prédictifs pour la toxicité rectale (LKB, Logit EUD
et Poisson EUD), le modèle de Poisson EUD (TD50 [median toxic
dose] = 81,5 ; n=0,006et  =2,2) étant le plus prédictif. Pour le
risque de toxicité vésicale de grade 2ou plus, quatre modèles
étaient signiﬁcativement prédictifs à quatre ans (LKB, Logit EUD,
Poisson EUD et Schultheiss), le modèle LKB étant le plus prédictif
(TD50=80,6 ; n=0,09 etm=0,36).
Conclusion.– Des modèles prédictifs de toxicité rectale et vésicale
ont été identiﬁés (à notre connaissance, aucun modèle n’avait été
identiﬁé préalablement pour la toxicité vésicale). Une diminution
de toxicité pourrait être obtenue en utilisant ces modèles dans
l’étape de planiﬁcation inverse de la radiothérapie par modulation
d’intensité (certains logiciels de planiﬁcation inverse pouvant en
effet intégrer ces modèles).
doi:10.1016/j.canrad.2011.07.015
CO 15
Suppression androgénique courte et
radiothérapie de haute dose (80Gy) pour cancer
prostatique de risque intermédiaire : analyse
intérimaire de l’essai randomisé 14du Groupe
d’études des tumeurs urogénitales (Gétug)
B. Dubray a,∗, V. Beckendorfb, S. Guérif c, E. Le Priséd,
A. Reynaud-Bougnoux e, J.-M. Hannoun Lévi f, T.-D. Nguyeng,
C. Hennequinh, J. Cretin i, V. Harterb
a CRLCC Henri-Becquerel, Rouen, France
b CRLCC Alexis-Vautrin, Vandœuvre-lès-Nancy, France
c CHU La Milétrie, Poitiers, France
d CRLCC Eugène-Marquis, Rennes, France
e Corad Henry-S.-Kaplan, Tours, France
f CRLCC Antoine-Lacassagne, Nice, France
g Institut Jean-Godinot, Reims, France
h CHU Saint-Louis, Paris, France
i Clinique de Valdegour, Nîmes, France
∗Auteur correspondant.
E-mail: bernard.dubray@rouen.fnclcc.fr (B. Dubray).
Objectifs.– Analyse intérimaire planiﬁée d’un essai randomisé
évaluant l’apport d’une suppression androgénique courte à une
irradiation àhaute dose chezdes patients atteints de cancer localisé
de la prostate de risque intermédiaire.
Patients et méthodes.– Les patients inclus ont été randomisés entre
une radiothérapie de 80Gy dans la prostate et 46Gy dans les
vésicules séminales, exclusive ou avec quatre mois de suppres-
sion androgénique par ﬂutamide et triptoreline, débutant deux
mois avant la radiothérapie. Un curage ganglionnaire était requis
si le risque d’envahissement était supérieur à 10% selon les tables
de Partin. Le critère de jugement principal était le contrôle bio-
chimique selon la déﬁnition de Phœnix et clinique. Les critères
secondaires incluaient la survie, la toxicité selon laCTCAE (Common
Terminology Criteria for Adverse Events) v3 et la qualité de vie.
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Conclusions: This study confirms nephrotoxicity in patients treated 
with post-operative CRT for gastric cancer at long term, even in 
patients treated with IMRT. Nevertheless, IMRT treatment planning 
reduces the dose to both kidneys compared to non-IMRT treatment 
planning and reduced nephrotoxicity after post-operative CRT for 
gastric cancer. 
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SEVER RADIATION PNEUMONITIS IN LOCALLY ADVANCED NSCLC WHEN 
MOVING FROM 3D-CRT TO IMRT: A QUESTION OF CONSTRAINTS  
A.A. Khalil1, M.M. Knap1 
1Aarhus University Hospital, Department of Oncology, Aarhus C, 
Denmark  
 
Purpose/Objective: Applying Intensity-Modulated Radiotherapy (IMRT) 
techniques to patients with stage III NSCLC allowed treating patients 
with large tumour volumes and bulky mediastinal lymph nodes while 
respecting the usual normal tissue constraints to the lungs and organs 
at risks. This analysis was performed to test whether the introduction 
of IMRT was associated with increased incidence of severe radiation 
pneumonitis (RP) as compared to three-dimensional conformal 
radiotherapy (3D-CRT) as a result of irradiating larger lung volumes 
with small doses (lung bath). 
Materials and Methods: Patients with pathologically confirmed 
inoperable stage III NSCLC receiving IMRT radiotherapy with doses of 
at least 60 Gy were included. A total of 34 patients (22 male and 12 
female) with median age of 66 years were examined weekly under the 
course of radiotherapy. Follow up visits started 1 month after the 
radiotherapy and every three months afterwards. RP was scored using 
Common Terminology Criteria for Adverse Events 3.0 (CTC3). Data was 
compared to a matching group of patients treated between 2007 and 
2009 at the same department (103). The clinical and dosimetric 
parameters related to RP were analysed using SPSS. 
Results: All patients received IMRT using 4 to 7 beam arrangements 
(median= 5 beams). The median follow up time was 7.9 months. The 
incidence of grade 3 or more RP was 23.5% (8 patients). This was 
significantly higher than the 16.3% incidence in the matching group 
patients receiving 3D-CRT. Sever RP developed on average 10 weeks 
from the start of radiotherapy (range: 7-23 weeks) (Figure 1) . RP was 
attribute cause of death in 4 cases (11.8 %) in the IMRT group as 
compared to 2 patients (2%) in the 3D-CRT group. Neither the Mean 
Lung Dose nor the volume receiving 20 Gy (V20) values were 
significantly different in the 2 groups (Table1). The majority of cases 
in the IMRT group (28 patients) received concomitant chemotherapy 
as compared to only 15 patients (14%) in the 3D-CRT group. Using 
IMRT the volume receiving 5 Gy (V5) in patients with severe RP ranged 
from 48 to 92 % with a mean of 74%.  
 
 
 
3D-CRT  IMRT  
PTV,cm3  
Mean (SE) 
586 (28) 546 (48) 
MLD, Gy 
Mean (SE) 
17.3 (0.6) 16 (0.9) 
V20 % 
Mean (SE) 
30.5 (1.2) 27 (1.5) 
 
Conclusions: Irradiating large lung volumes with radiation doeses of 5 
Gy or more is associated with higher incidence of severe pneumonitis 
that is potentially lethal despite respecting the V20 and MLD 
constraints. Using IMRT in patients with large tumours especially if 
receiving concurrent chemotherapy should be performed with 
cautious. The cut level of V5 of 60% is currently applied in our 
department and was found feasible. 
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1Université de Rennes 1, Inserm U642 Laboratoire Traitement du 
Signal et de l'Image, Rennes, France  
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4Centre Alexis Vautrin, Département de Radiothérapie, Nancy, France  
 
Purpose/Objective: In case of prostate 3D conformal radiotherapy 
(3DCRT) the objectives were: to assess the predictive capabilities of 
random forest (RF) to predict late rectal toxicity; to compare the 
performance of RF with respect to the classical NTCP models. 
Materials and Methods: A total of 437 patients (pts) received 3DCRT 
for prostate cancer to a median total dose of 78 Gy (range: 70 to 80 
Gy), 2Gy/fraction. Pts were selected based on the availability of the 
dose-volume histograms (DVHs). Median age was 67 years (45-78). 
History of abdominal or pelvic surgery, anticoagulant therapy (ACT) 
and diabetes were observed in 30%, 15% and 6% of pts, respectively. 
The data were collected prospectively for 42% of patients. Rectal 
toxicity was analyzed according to the SOMALENT classification (> 
Grade 2) and rectal bleeding (at least once episode) at 2, 3, 4 and 5 
years. The analysis were done with RF, a classification methodology 
based on CART and bootstrap, using the mentioned variables. For each 
follow up endpoint, the data was split into training (75%) and 
validation (25%) data sets. Then, a RF was trained on each training 
data set. The same procedure was followed using six published NTCP 
models: Lyman-Kutcher-Burman (LKB), Logit EUD, Poisson EUD, 
Källman (IJROBP1992), Schultheiss (Medical Physics 1983) and Parallel 
(Medical Physics 1993) models. The model parameters were identified 
by maximum likelihood. To compare the models, the predictive 
capabilities were assessed using ROC analysis and binary logistic 
regression with the actual patient outcome as the dependent variable 
and the estimated NTCP value as the input. 
Results: Median follow-up was 62 months (range: 6 to 155). Two-, 3-, 
4- and 5-year grade > 2 toxicity rates were: 12% (95% CI: 9-15), 17% 
(95% CI: 13-20), 19% (95% CI: 15-23) and 21% (95% CI: 17-25), 
respectively. The two years toxicity relevant predictors according to 
mean decreasing accuracy index were: age, V14, V21 and V70. The RF 
and classical NTCP models fit was assessed using ROC analysis. The 
figure shows that the AUC for the RF was superior to those ones from 
the other models. The AUC for RF was 0.68. For LKB, Logit EUD, 
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Poisson EUD, Källman, Shultheiss and Parallel models, the AUC were: 
0.57, 0.57, 0.57, 0.57, 0.57 and 0.59 respectively. 
Using the validation data, the associated p-value to the RF-NTCP 
value in the logistic regression was <0.01. The corresponding ones for 
LKB, Logit EUD, Poisson EUD, Källman, Shultheiss and Parallel models 
were: 0.04, 0.05, 0.05, 0.05, 0.05 and 0.06, respectively.
  
 
 
Conclusions: RF models appear to be strong competitors of published 
NTCP models to predict rectal toxicity, with a high potential in IMRT 
planning. 
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SWALLOWING-SPARING IMRT FOR HEAD AND NECK CANCER: 
TREATMENT PLANNING OPTIMISATION AND CLINICAL INTRODUCTION 
H.P. van der Laan1, R.J.H.M. Steenbakkers1, M.E.M.C. Christianen1, 
E.W. Korevaar1, O. Chouvalova1, K. Wopken1, A. Gawryszuk1, H.P. 
Bijl1, J.A. Langendijk1 
1University Medical Center Groningen / University of Groningen, 
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Purpose/Objective: To report on the potential benefits of swallowing-
sparing intensity-modulated radiation therapy (SW-IMRT) in the first 
100 SW-IMRT treated patients, as well as on the factors that influence 
the potential benefit of SW-IMRT relative to standard (ST)-IMRT. 
Materials and Methods: One hundred consecutive head and neck 
cancer patients, scheduled for primary radiotherapy, were included in 
this prospective cohort study. For each patient, ST-IMRT and SW-IMRT 
treatment plans were created. All patients were eventually treated 
with SW-IMRT. ST-IMRT treatment plan optimisation aimed at 
adequate coverage of the planning target volume (PTV) and parotid 
glands sparing. Objectives for SW-IMRT were identical, with additional 
objectives to spare the organs at risk related to swallowing 
dysfunction (SWOARs) that were identified in our previous study. 
Patient and treatment characteristics, dose-volume data and 
predicted normal tissue complication probabilities with ST-IMRT and 
SW-IMRT were collected and analysed. After 20 patients, interim 
results were evaluated by a multidisciplinary committee. 
Results: The mean gain of SW-IMRT relative to ST-IMRT in the first 20 
patients was less than expected on the basis of our previous planning 
comparative study. A critical review of the SW-IMRT and ST-IMRT 
plans revealed three main explanations: 1) In some cases a local lower 
dose in the PTV was not accepted by the responsible radiation-
oncologist (RO) even when (according to protocol) >98% of the PTV 
received 95% of the prescribed dose; 2) In some cases a moderate 
shift of dose to unspecified tissues, such as the oral cavity, was not 
accepted by the RO; and 3) The dosimetrist did not always use 
sufficient additional optimisation sequences with adjusted objective 
values and weights to minimise dose in the SWOARs due to lack of 
time and/or to less experience. These issues were discussed and taken 
into account and results with SW-IMRT improved significantly. In the 
additional 80 patients, the mean dose to the various SWOARs was 
further reduced significantly compared to ST-IMRT. However, absolute 
dose values and dose reductions with SW-IMRT differed widely per 
patient and per SWOAR. Reductions with SW-IMRT depended 
significantly on the administration of neck radiotherapy (higher 
reductions with neck irradiation) and the overlap between SWOARs 
and PTVs (higher reductions when the overlap was <75%). The mean 
absolute reduction in predicted physician-rated RTOG grade 2-4 
swallowing dysfunction for patients numbered 21-100 was 6.1%, 
ranging from 0.0 to 17.2%. 
Conclusions: The benefit of SW-IMRT varies widely between individual 
patients and depends significantly on neck radiotherapy and the 
overlap between the SWOARs and the PTVs. Optimal clinical 
introduction requires a detailed evaluation and comparison between 
the old (ST-IMRT) and new technique (SW-IMRT) in order to fully 
exploit the potential benefit of SW-IMRT. 
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IMPACT OF DOSE TO THE PCMS, PGS AND SMGS ON QOL IN HEAD AND 
NECK RT: A DOSIMETRIC ANALYSIS 
M. Leech1, M. Coffey1, D. Hollywood1 
1TCD Discipline of Radiation Therapy, Radiation Therapy, Dublin, 
Ireland Republic of  
 
Purpose/Objective: This study was conducted to determine whether 
dose to the pharyngeal constrictor muscles, parotid glands and 
submandibular glands in head and neck radiotherapy impacts on 
patient quality of life. 
Materials and Methods: 33 patients who had been treated with 
radiotherapy for a histologically proven malignancy in the head and 
neck between the years 2005 and 2007 were identified. Treatment 
plans of these patients were retrieved and the pharyngeal constrictor 
muscles and submandibular glands were delineated. Parotid glands 
were delineated in cases where they had not previously been 
outlined. Calculation of dose to these structures was based on the 
initial plan delivered. Patient quality of life data were collected by 
chart review and by patient questionnaire using the M.D. Anderson 
Dysphagia Inventory and a questionnaire developed by the lead 
investigator, based on the Common Toxicity for Adverse Events 
v.4.02. Statistical analysis was performed using SPSS v.16.0 (SPSS, Inc, 
Chicago, IL). 
Results: Significant correlations were seen between early dysphagia, 
as reported in the patient chart and all dosimetric parameters for the 
pharyngeal constrictor muscles (p<0.05). The same trend was not 
observed for late dysphagia. However, M.D.Anderson Dysphagia 
Inventory scores, measuring current status of dysphagia, were 
correlated with minimum dose to the pharyngeal constrictor muscles 
(p<0.05).  
Significant correlations were observed between early xerostomia and 
dosimetric endpoints of the ipsilateral parotid gland (p<0.05) and both 
submandibular glands (p<0.05). No correlations were found between 
salivary gland dosimetric parameters and late xerostomia. 
Correlations between xerostomia, dysphagia and other toxicities such 
as dysgeusia, speech function and trismus were also observed.  
T stage was the only clinical variable seen to correlate with late 
patient function (p<0.05). 
Conclusions: Limiting dose to the pharyngeal constrictor muscles, 
parotid glands and submandibular glands is advisable, but 
considerable clinical experience and care is required to ensure that 
risk of toxicity is balanced with the potential of geographical miss. 
Measures of late quality of life may be influenced by a ‘response shift 
‘in patients.  
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THE SIMULTANEOUS INTEGRATED BOOST (SIB) TECHNIQUE IN BREAST 
CANCER: ADVANTAGES AND A LIMITED LEARNING CURVE 
N. Groenendaal1, S. Hol1, M. Essers1, W. Smits1, P. Poortmans1 
1Dr. Bernard Verbeeten Instituut, Radiation oncology, Tilburg, The 
Netherlands  
 
Purpose/Objective: In 2007, we substituted the sequential photon 
and electron boost techniques in the framework of breast conserving 
therapy by the SIB technique. Apart from the logistical advantage for 
treatment delivery and a slightly reduced number of fractions, the 
volume of tissue irradiated to the higher (boost) dose was claimed to 
be smaller as well. We were interested to test whether 4 years of 
experience further improved the dose/volume characteristics of the 
SIB technique and to evaluate the influence on the dose to the OAR. 
Materials and Methods: We selected 2 series of 12 left-sided breast 
cancer patients, one treated in September 2007 and one in March 
2011. Apart from the original SIB plan, a sequential optimised 
tangential photon and photon or electron boost plan was generated 
and combined for all patients. All plans were compared for volume 
included in the boost dose (conformity index CI = volume irradiated to 
the boost dose/PTV boost) and for dose to the heart and the lungs. A 
planning. The goal of the study was to assess the relationships between
side effects and 3D dose distribution using voxel wise statistics.
Materials/Methods: One hundred sixteen patients (pts) received a dose of
80 Gy in the prostate by IMRT. Rectal and bladder toxicities were
analyzed: for acute toxicity using the CTCAE.V3 and for 2 year toxicity
using the SOMALENT classiﬁcation or bleeding scoring (at least 1
episode). The individual 3D CT scans and planned dose were non-rigidly
registered towards a template in a 2 step process: (i) CT scans were rigidly
registered towards the template; (ii) a non-rigid hybrid registration based
on the demons algorithm was implemented to align the organs. Dice scores
were computed for each pt organ. The statistical analysis was performed
only for pts being properly registered (Dice score > 0.7). A two-sampled t-
test was performed at a voxel-basis leading to the computation of 3D maps
for both, dose differences and False Discovery Rate corrected p values
between the mean dose of pts having or not toxicity. Voxels having
signiﬁcant p values in the dose difference were characterized in terms of
absolute volume, mean dose difference and localization in the OAR, which
was deﬁned as the distance to the prostate and the seminal vesicles
surfaces.
Results: Median follow-up was 31 months (6 to 64). Grade 1 and 2 rectal
acute toxicity rates were 26% and 4% respectively. Two year rectal toxicity
(> grade 2) and bleeding rates were 9% (95% CI: 3-14) and 20% (95% CI:
12-27). Two year bladder toxicity (> grade 2) and bleeding rates were:
19% (95% CI: 11-26) and 5% (95% CI: 1-9). Median Dice score were 0.75
(SD:0.12) for the rectum and 0.92 (SD:0.13) for the bladder, leading to the
inclusion of 74 pts and 107 pts for the rectal and bladder toxicity analysis,
respectively. 1) For the rectum: signiﬁcant difference of dose was found in
large regions (Table). More than 90% of them were within the 1rst cm
(anterior wall). 2) For the bladder: no voxel was found signiﬁcant.
Conclusions: Our voxel-wise method allows the highlighting of rectal
regions that may be involved in rectal toxicity and was not informative for
the bladder. This promising approach should be more investigated by
increasing both the number of pts and testing different registration
methods.
Author Disclosure: G. Drean: None. O. Acosta: None. J. Ospina Arango:
None. A. Simon: None. G. Cazoulat: None. P. Haigron: None. K. Gnep:
None. J. Zhu: None. O. Henry: None. R. de Crevoisier: None.
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Random Forest are Strong Competitors of Published NTCP Models
for Rectal and Bladder Toxicity Prediction
J. Ospina,1,2 J. Zhu,1,3 E. Le Prise´,4 A. Bossi,5 P. Haigron,1 K. Gnep,4
V. Beckendorf,6 O. Acosta,1 A. Simon,1 and R. de Crevoisier4; 1INSERM
U1099, Laboratoire Traitement du Signal et de l’Image, Universite´ de
Rennes 1, Rennes, France, 2Universidad Nacional de Colombia - Sede
Medellı´n, Escuela de Estadı´stica, Colombia, 3Laboratory of Image Science
and Technology, Southest University, Nanjing, China,
4
Centre Euge`ne
Marquis, De´partment de Radiothe`rapie, Rennes, France,
5
Institut Gustave
Roussy, Villejuif, France, 6Centre Alexis Vautrin, De´partment de
Radiothe´rapie, Nancy, France
Purpose/Objective(s): In case of prostate 3D conformal radiation therapy
(3DCRT) the objectives were: *to assess the predictive capabilities of
random forest (RF) to predict late rectal and bladder toxicity; *to compare
the performance of RF with respect to the classical normal tissue
complication probability (NTCP) models.
Materials/Methods: Four hundred thirty-seven patients (pts) received
3DCRT for prostate cancer to a median total dose of 78 Gy (70 to 80 Gy),
2 Gy/fraction. Pts were selected based on the availability of the dose-
volume histograms. Median age was 67 years (45-78). History of
abdominal or pelvic surgery, anticoagulant therapy and diabetes were
observed in 30%, 15% and 6% of pts, respectively. The data were collected
prospectively for 42% of pts. Rectal and bladder toxicities were analyzed
according to the SOMALENT classiﬁcation (> Grade 2). The analyses
were done with RF, a classiﬁcation methodology based on CART and
bootstrap, to generate a RF NTCP model, using the mentioned variables.
For each follow up endpoint, the data was split into training (75%) and
validation (25%) data sets. Then, a RF was trained on each training data
set. The same procedure was followed using 6 published NTCP models:
Lyman-Kutcher-Burman (LKB), Logit EUD, Poisson EUD, Ka¨llman,
Schultheiss and Parallel models. The model parameters were identiﬁed by
maximum likelihood. To compare the models, the predictive capabilities
were assessed using ROC analysis and binary logistic regression with the
actual patient outcome as the dependent variable and the estimated NTCP
value as the input.
Results: Median follow-up was 62 months (6 to 155). Two-, 3-, 4- and 5-
year grade  2 rectum toxicity rates were: 12% (95% CI: 9-15), 17% (95%
CI: 13-20), 19% (95% CI: 15-23) and 21% (95% CI: 17-25), respectively.
For the bladder 2-, 3-, 4- and 5-year grade  2 toxicity rates were: 13%
(95% CI: 6-16), 15% (95% CI: 12-19), 17% (95% CI: 13-21) and 21%
(95% CI: 16-25), respectively. The table shows that ROC AUC for the RF
were superior to the best one among the 6 published NTCP models in
almost all cases. Using the validation data, the associated p value to the RF
NTCP value in the logistic regression was < 0.01 for 2- and 3-years rectal
toxicity, whereas none NTCP value from traditional NTCP models resulted
signiﬁcant.
Conclusions: RF NTCP models appear to be strong competitors of pub-
lished NTCP models in predicting rectal toxicity and they seem to be
promising in predicting bladder toxicity, with a high potential in IMRT
planning.
Author Disclosure: J. Ospina: None. J. Zhu: None. E. Le Prise´: None. A.
Bossi: None. P. Haigron: None. K. Gnep: None. V. Beckendorf: None. O.
Acosta: None. A. Simon: None. R. de Crevoisier: None.
2448
Critical Utility of Ultrasensitive PSA for High-Risk Patients Eligible
for Adjuvant Radiation Therapy Following Radical Prostatectomy
C.R. King, R.E. Reiter, J. deKernion, M.L. Steinberg, and D.S. Finley;
University of California Los Angeles, Los Angeles, CA
Purpose/Objectives: To critically assess the utility of ultrasensitive PSA
(uPSA) following radical prostatectomy (RP) in the management of high-
risk patients (pT3 or + margin) eligible for adjuvant radiation therapy
(ART).
Materials/Methods: Between 2000 and 2010, 72 men who underwent RP
with either pT3 (21 pts, 29%) or + surgical margins (51 pts, 71%) were
Poster Viewing Abstract 2446; Table
Signiﬁcant (p < 0.01) voxel
characteristics
2 years  rectal
bleeding
2 years  grade
2 rectal toxicity
Absolute volume (mm3) 2259 4233
Dose difference (Gy, mean) 8.1 10.2
Distribution (%) of the voxel
by distance of the voxel
from the prostate and
seminal vesicles
5 mm 16% 49%
10 mm 97% 94%
15 mm 100% 95%
20 mm 100% 95%
30 mm 100% 95%
Poster Viewing Abstract 2447; Table AUC for late rectal and bladder
toxicity prediction using RF and classic NTCP models
Rectum Bladder
Random
forest
Best published
NTCP model
Random
forest
Best published
NTCP model
2-years 0.73 0.63 (Parallel) 0.72 0.67 (LKB)
3-years 0.65 0.58 (Ka¨llman) 0.79 0.66 (Ka¨llman)
4-years 0.71 0.60 (Ka¨llman) 0.73 0.70 (Parallel)
5-years 0.76 0.62 (Ka¨llman) 0.69 0.69 (Ka¨llman)
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experimental rat model of radiation proctitis, and to assess the severity
of microangiopathy.
Materials and Methods: A total of 57 Wistar rats were used. 45 of the rats
were exposed to selective rectal irradiation with a single fraction of 25 Gy.
These rats were sacriﬁced at the 4th, 12th, 24th, and 37th week following
the irradiation. The remaining 12 rats comprised the control group without
irradiation. The microangiopathy was examined pathologically regarding
the rectum in 20mm from the anus of each rat. The absolute number of
vessels was counted by microscopy. In addition, the diameter stenosis of
stenosed vessel was evaluated and graded the degree from 0 to 4. The
specimens of the rats, which had been sacriﬁced at the 10th day following
irradiation in the previous study, were also examined pathologically to
compare the differences between acute changes and chronic changes
following irradiation.
Results: The sequential changes of radiation-induced microangiopathy
were examined well. The microangiopathy was observed selectively in the
arteries. The vascular endothelial damage was observed mainly due to
nuclear bulging in the rats on the 10th day following irradiation. Whereas,
the thickening that accompanied the ﬁbrinoid necrosis after 4th week,
and the thickening of endothelial lining was signiﬁcant later. The absolute
number of vessels per individual was 289.7 (±63.5), 385.8 (±60.6), 256.6
(±70.0), 282.1 (±57.1), and 141.4 (±47.5) at 4th week, 12th week, 24th
week, and the 37th week following irradiation, respectively. The number of
vessels was signiﬁcantly smaller in the rats without irradiation than the
irradiated rats and was signiﬁcantly greater at the 12 weeks following
irradiation than the other groups (P < 0.05). The degree of stenosis was
evaluated in the microvessels microscopically. No signiﬁcant differences
were found among the groups in terms of the proportions of severe vascular
stenosis. The proportions of the stenosed vessels that occupied a portion
of the absolute number of the vessels were 16.0%, 10.6%, 13.3%, and
14.6% at 4th week, 12th week, 24th week, and the 37th week following
irradiation, respectively.
Conclusions: We examined the sequential changes of radiation-induced
microangiopathy. Our assessment strategy of microangiopathy seems to
be useful to evaluate the severity of late radiation proctitis.
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Radiation-induced Rectal Toxicity in Rats on Low-dose Aspirin
Therapy
H. Doi1, N. Kamikonya1, Y. Takada1, M. Fujiwara1, H. Miura1, H. Inoue1,
M. Tanooka1, T. Nakamura2, T. Tsujimura3, S. Hirota1. 1Hyogo College
of Medicine, Department of Radiology, Nishinomiya Hyogo, Japan;
2The Hospital of Hyogo College of Medicine, Department of Pharmacy,
Nishinomiya Hyogo, Japan; 3Hyogo College of Medicine, Department
of Pathology, Nishinomiya Hyogo, Japan
Background: The purpose of the present study was to establish an
animal experimental model of radiation proctitis in rats receiving antiplatelet
therapy, and to examine the correlation between the administration of
aspirin and the severity of radiation proctitis.
Materials and Methods: A total of 34 female Wistar rats were used. The
rats were divided into ﬁve groups: aspirin 5mg/kg/day group (ASA5; n = 10),
aspirin 10mg/kg/day group (ASA10; n = 10), aspirin 20mg/kg/day (ASA20;
n = 7), and saline group (Saline; n = 7). The rats were administered with
aspirin at dose of 5, 10, 20mg/kg or saline orally, day by day before and
after irradiation. On the ﬁfth day following the start of administration, all
rats were irradiated and the tail transection bleeding time was measured.
A single fraction of 25 Gy was delivered selectively for the rectum without
any surgical procedures. The administration of aspirin or saline continued
daily following irradiation. All rats were sacriﬁced at the 10th day following
irradiation.
The rectal mucosal changes of each rat were evaluated macroscopically
and pathologically. In the pathological examination, the severity of proctitis
was described the morphological mucosal damage and the degree of
inﬂammation in each specimen.
Results: The bleeding time was prolonged in rats receiving aspirin.
The proportion of the severe changes in macroscopic ﬁndings was 100.0%,
50.0%, 66.7% and 66.7% in the ASA5 group, the ASA10 group, the ASA20
group, and the Saline group, respectively. In the morphological mucosal
damage, the propotion of the severe changes was 70.0%, 71.4%, 50.0%
and 80.0% in the ASA5 group, the ASA10 group, the ASA20 group, and
the Saline group, respectively.
There were no apparent correlation between the administration of aspirin
and the severity of radiation proctitis in the macroscopic ﬁndings, and the
morphological mucosal damage in the pathological examination.
The proportion of the severe degrees of inﬂammation was 90.0%, 100.0%,
16.7% and 100.0% in the ASA5 group, the ASA10 group, the ASA20 group,
and the Saline group, respectively. The ASA20 group showed signiﬁcantly
milder inﬂammation than the other groups (P < 0.05).
Conclusions: We established an animal experimental model of radiation
proctitis in rats receiving antiplatelet therapy with the use of low-dose
aspirin. There were no apparent correlations between the administration
of aspirin and the severity of radiation proctitis.
The inﬂuence of low-dose aspirin on radiation proctitis is presently under
investigation in more detail.
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Evaluation of Two Registration Strategies for Inter-patient Dose
Mapping in Prostate Radiotherapy
G. Dre´an1, O. Acosta1, J.J. Bellanger1, A. Simon1, G. Cazoulat1,
J.D. Ospina1, J.I.A.N. Zhu1, P. Haigron1, R. De Crevoisier1. 1LTSI,
Laboratoire du Traitement du Signal et de l’Image − INSERM U 642,
Rennes, France
Purpose: Compare dose distributions from different patients is necessary
to assess correlations between toxicity and organ at risk dose distribution.
This comparison implies mappings in a common template. Registration
methods are classically validated with spatial overlap metrics (DiceScore
(DS)), which are not designed to validate dose mapping (DoM). The
objective of the work was to evaluate 2 elastic registration methods by
using usual and new metrics.
Methods: The study included 24 patients (pts) receiving 3D conformal
radiotherapy for prostate cancer.
Registration Methods: The planning data (CT scan images, contours,
dose distribution) of 23 pts were registered on the planning data of
the 24th chosen as template (the most representative pt according to
mutual information results). Two registration strategies initialized by CT-
Scan intensity based afﬁne registration (AR) were used:
• Iconic: a CT-Scan intensity based non-rigid FFD registration was applied
to the AR results,
• Hybrid: After AR, distance maps (DiM) were computed for each
delineated organ (prostate, bladder, rectum) of each pt and of the
template. The CT-Scans images were then combined with the 3 organs
DiMs, and an intensity based non-rigid demons registration was applied.
Eventually the elastic transformations were applied to the delineated organs
and dose distribution to propagate them in the template.
3 Metrics to validate registration Methods:
• DS between two structures A and B:
DS(A,B) = 2AnB /( A + B ).
• Relative Difference of Areas (RDA): The DVH is assumed to be con-
served before (time1) and after (time2) deformation. This conservation
can be evaluate by computing the distance (RDA) between normalized
DVH1 and DVH2, deﬁned on 0,Dmax
RDA = (int[0,Dmax](DVH1 −DVH2) dx)/
max{int[0,Dmax] DVH1 dx, int[0,Dmax] DVH2 dx}.
• Dose and Organs Overlaps (DOO): The DOO compares the propagated
dose D received by the template organ A and the propagated organ B:
DOO(D,A,B) = (intAnBD(x) dx)/(intAuB D(x) dx).
Results: In heterogeneous dose areas, different RDA/DOO values were
found for a same DS, showing the interest of the new proposed metrics.
The hybrid registration method provided signiﬁcantly more accurate results
than the iconic one, for each organ and with each metric (t-test, p < 0.05).
Median DS Median RDA Median DOO
Iconic 0.69 0.56 0.11
Hybrid 0.75 0.70 0.09
Conclusion: The hybrid registration method using both organs delineations
and intensity provides better results than the iconic one and should be used
to analyze dose distributions and toxicity from different patients.
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Early Mortality After 40,670 Courses of External Beam Radiotherapy
in Unselected Patients
G. Hall1, A. Crellin1, R. Turner1, K. Franks1, C. Johnson1,
D. Sebag-Monteﬁore1. 1St James’s Institute of Oncology, Oncology,
Leeds, United Kingdom
Background: The UK Government have recently published their strategy
for cancer, aimed at improving outcomes for patients. In this, they have
recommended the measurement of 30 and 90 day mortality after palliative
and radical/adjuvant radiotherapy respectively. We are unaware of any
published data regarding these end-points in unselected patients and
hence feel this outcome measure is poorly deﬁned.
Material and Methods: St James’s Institute of Oncology (SJIO) is a
regional cancer centre providing radiotherapy for the 2.7 million population
Posters / Cancer/Radiothérapie 16 (2012) 524–581 533
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Étude de phase I sur l’ajout d’une radiothérapie
ablative dans le cancer bronchique non à petites
cellules de stade III : résultats préliminaires
J. Doyen a,∗, M. Poudenx a, P. Eriksson a, J. Otto a, N. Venissacb,
G. Angellier a, J. Hérault a, P.-Y. Bondiau a
a Radiothérapie, centre Antoine-Lacassagne, Nice, France
b Chirurgie thoracique, centre hospitalier universitaire de Nice, Nice,
France
∗Auteur correspondant.
Adresse e-mail : doyen@unice.fr (J. Doyen)
Objectifs.– Étude d’une escalade de dose par radiothérapie sté-
réotaxique ablative robotisée dans les cancers bronchiques non à
petites cellules localement évoluées.
Patients et méthodes.– Les patients inclus dans cette étude étaient
atteints d’un cancer bronchique non à petites cellules de stade IIIA-
IIIB dont le traitement a été une chimioradiothérapie concomitante
avec cisplatine et docetaxel. Après arrêt à 46Gy, la radiothérapie
stéréotaxique ablative robotisée a été délivrée à hauteur de trois
séances de 7Gy pour le premier palier, après pose de clips. Quatre
paliers ont déjà été réalisés avec augmentation d’1Gy par fraction
à chaque palier. L’escalade de dose s’est faite selon le schéma TITE-
CRM [1]. La toxicité limitante était celle de grades 3–5. Les données
du modèle TITE-CRM étaient les suivantes : taux de 35% de toxi-
cité « a priori » au palier 3 (trois séances de 7Gy), durée maximale
d’apparitionde la toxicité de sixmois. La toxicité a été évaluée selon
la Common Terminology Criteria for Adverse Events (CTC) version
3.0.
Résultats.– Douze patients ont été traités entre juin 2010et janvier
2012. Le nombre des patients était respectivement pour les paliers
1, 2, 3 et 4de 3, 4, 2, et 3. L’âge médian était de 69ans (46,7–81,2)
avec six femmes et six hommes, atteints de huit cancers de stade
IIIA et quatre de stades IIIB. Aucune toxicité limitante n’a pour
l’instant été observée avec un suivi médian de 12mois (1–20). Les
principaux effets de la toxicité observés étaient les suivants : six cas
d’alvéolite, trois de grade 1et trois de grade 2, six d’asthénie, quatre
de grade 1, deux de grade 2, trois de douleur, deux de grade1et un
de grade 2, et une insufﬁsance cardiaque de grade 2. Six tumeurs
ont récidivé, deux en territoire irradié, quatre locorégionalement
et quatre à distance.
Conclusion.– Le protocole ne présente pour l’instant aucune toxicité
limitante au quatrième palier à la dose de 46Gy plus trois séances
de 10Gy et l’escalade se poursuit.
Références
[1] Normolle et al, J Clin Oncol 2006;24:4426–33.
http://dx.doi.org/10.1016/j.canrad.2012.07.051
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Efficacité et toxicité d’une réirradiation
stéréotaxique ablative dans les cancers
bronchiques pulmonaires non à petites cellules en
récidive locale
J. Doyen a,∗, S. Parksb, A. Courdi a, S. Marcié a, J. Pouysségurb,
J. Chicheb, G. Angellier a, M. Poudenx a
a Radiothérapie, centre Antoine-Lacassagne, Nice, France
b Institute of Research on Cancer and Ageing in Nice (IRCAN), Nice,
France
∗Auteur correspondant.
Adresse e-mail : pybond@gmail.com (J. Doyen)
Objectifs.– Quelques études ont rapporté la faisabilité et l’efﬁcacité
d’une réirradiation stéréotaxiquedans le cadredes récidives locales
limitéesdes cancersbronchiquespulmonairesnonàpetites cellules
[1]. Laprésenteétudeavaitpourobjectif l’analyse les résultatsd’une
réirradiation stéréotaxique ablative robotisée dans cette même
population.
Patients et méthodes.– Les patients ayant rec¸u une réirradiation
stéréotaxique ablative robotisée dans le cadre de carcinomes bron-
chiques non à petites cellules en rechute locale limitée unique et
ayant déjà rec¸u une irradiation conventionnelle ont été inclus dans
l’étude. Les facteurs prédictifs de réponse tumorale et les facteurs
pronostiques de survie globale, ont été analysés par Chi2 et Log-
Rank.
Résultats.– Vingt-huit patients ont été répertoriés dans nos
archives. Ils ont été traités entre décembre 2006et mai 2010. Le
suivi médian était de 16mois (1,8–36,3), les taux de survie globale
à un et deux ans étaient respectivement de 67% et 27%, ceux de
contrôle local à un et deux ans de respectivement 75% et 65%. La
majorité des patients ont auparavant été irradiés pour un carci-
nome bronchique non à petites cellules localement évolué (75%) à
une dose médiane de 66Gy. La dose médiane de réirradiation était
de 105Gy (équivalents biologiques) avec une prescription de cinq
fractions de 15Gy, 5de 12Gy et 5de 10Gy en fonction des doses
pour les tumeurs centrales. Il n’y avait aucune toxicité de grade 3-
5 excepté une hémoptysie fatale. Les facteurs prédictifs de réponse
et les facteurs pronostiques de survie globale étaient la rechute en
territoire irradié, une dose de réirradiation de plus de 110Gy et un
intervalle entre les irradiations de plus d’un an (p<0,05).
Conclusion.– Cette étude montre une bonne efﬁcacité locale des
réirradiations stéréotaxiques ablatives robotisées pour des car-
cinomes bronchiques non à petites cellules avec un éventuel
effet-dose à conﬁrmer dans d’autres études.
Références
[1] Kelly P, et al. Int J Radiat Oncol Biol Phys 2010;78:1387–93.
http://dx.doi.org/10.1016/j.canrad.2012.07.052
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Analyse par voxel de la dose pour la prédiction de
la toxicité rectale en cas de radiothérapie
prostatique
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G. Cazoulat a, P. Haigron a, K. Gnepb, J. Zhu a, O. Henryb,
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France
∗Auteur correspondant.
Adresse e-mail : gael.drean@univ-rennes1.fr (G. Dréan)
Objectifs.– Les modèles prédictifs de toxicité sont généralement
basés sur les histogrammes dose-volume. Ils n’exploitent pas
l’information tridimensionnellede ladoseet sontdece fait inappro-
priés pour identiﬁer les régions rectales impliquées dans la toxicité.
L’objectif de cette étude était d’identiﬁer ces régions enmenant des
analyses dosimétriques par voxel après recalage de la distribution
de dose.
Patients et méthodes.– Au total, 116patients ont rec¸u une dose de
80Gy dans la prostate par radiothérapie conformationnelle avec
modulation d’intensité (RCMI). La toxicité rectale a été déﬁnie soit
en utilisant la classiﬁcation Subjective-Objective-Management-
Analytic - Late Effects of Normal Tissues (SOMALENT), soit en
rapportant l’existence d’aumoins un saignement. Les images scan-
nographiques et les distributions de dose ont été recalées sur un
« atlas » de référence en utilisant un recalage rigide puis non-rigide
(demons). La qualité du recalage a été évaluée en calculant le score
de dice pour les organes de chaque patient. Les analyses ont porté
exclusivement sur les patients correctement recalés (dice de plus
de 0,7). Les différences de dose entre patients ayant souffert ou non
d’une toxicité dans chaque voxel ont été calculées. Des t-tests éva-
luant cette différence ont permis de générer des cartes de p-values,
corrigées par le taux de faux positifs. Les voxels présentant une p
signiﬁcative ont été caractérisés en termesde volume, dedifférence
de dose moyenne et de localisation.
534 Posters / Cancer/Radiothérapie 16 (2012) 524–581
Résultats.– Le suivi médian était de 31mois (6–64). Les taux de
toxicité rectale (de grade 2ou plus) et de saignement à deux ans
étaient de 9% et 20%. Le dice médian était de 0,75±0,12pour
le rectum, conduisant à inclure 74patients pour l’analyse. Des
différences de dose signiﬁcatives (entre patients ayant ou non
souffert d’une toxicité) ont été identiﬁées dans les voxels cor-
respondant à la paroi rectale : plus de 90% d’entre eux se
situant dans le premier centimètre de la paroi antérieure, les
patients ayant souffert de toxicité avaient rec¸u en moyenne
8,1Gy de plus.
Conclusion.– Notre étude montre que la paroi rectale anté-
rieure est impliquée dans la toxicité rectale tardive. L’utilisation
de contraintes dans ce sous-volume spéciﬁque à l’étape
de planiﬁcation inverse de la RCMI pourrait diminuer la
toxicité.
http://dx.doi.org/10.1016/j.canrad.2012.07.053
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Tomothérapie hélicoïdale dans le traitement du
mésothéliome pleural malin : impact des faibles
doses sur la toxicité pulmonaire et œsophagienne
J. Helou a,∗, K. Clément-Colmoub, L. Campionb, M. Amessis c,
C. Perigaud e, P. Bonnetted, S. Zefkili c, M.-A. Mahéb, P. Giraud a
a Service de radiothérapie oncologie, hôpital européen
Georges-Pompidou, Paris, France
b Service de radiothérapie oncologie, centre René-Gauducheau,
Nantes, France
c Service de radiothérapie oncologie, institut Curie, Paris, France
d Service de chirurgie thoracique, hôpital Foch, Sureness, France
e Service de chirurgie thoracique, CHU, Nantes, France
∗Auteur correspondant.
Adresse e-mail : heloujoelle@gmail.com (J. Helou)
Objectifs.– Évaluer les résultats de la tomothérapie hélicoïdale pour
des mésothéliomes pleuraux malins et l’impact des faibles doses
sur la toxicité pulmonaire et œsophagienne.
Patients et méthodes.– De juin 2007à mai 2011, 29patients
atteints de mésothéliome pleural malin ont rec¸u une tomothéra-
pie hélicoïdale adjuvante. L’âge médian était de 63ans (34–72).
Histologiquement, 83% des patients étaient atteints de méso-
théliome pleural malin. Cliniquement, 45% des tumeurs étaient
de stade T3et 55% N0. Tous les patients ont été opérés par
pleuro-pneumonectomie extrapleurale et 35% ont rec¸u une chi-
miothérapie néoadjuvante par platine et pemetrexed. La dose
médiane dans la cavité de pneumonectomie était de 50Gy en
25 fractions.
Résultats.– Le suivi moyen était de 13mois après la tomothéra-
pie hélicoïdale. Les probabilités de survie globale à un et deux
ans étaient respectivement de 65et 36%. La durée moyenne de
survie moyenne à partir du diagnostic était de 16,1mois. Les
volumes pulmonaires médians recevant 2, 5, 10, 13, 15 et 20Gy
étaient respectivement de 100, 98, 52, 36, 19 et 5%. La médiane
de la dose moyenne au poumon controlatéral était de 11Gy. Deux
patients sont décédés de complications pulmonaires, trois ont
souffert d’unepneumopathiedegrade3 tandisqu’une toxicitéœso-
phagienne de grade 3-4 a été observée chez trois. Aucun impact
signiﬁcatif des caractéristiques cliniquesetdesparamètresdosimé-
triques relevés n’est trouvé sur la toxicité pulmonaire, cependant
un V10 (volume recevant 10Gy) de plus de 50%, un V15 (volume
recevant 15Gy) de plus de15% et une dose moyenne au pou-
mon controlatéral de plus de 10Gy auraient une tendance à être
prédictifs de toxicité pulmonaire (p<0,01). La dose moyenne au
poumon controlatéral semblait de plus avoir un impact signi-
ﬁcatif sur la toxicité œsophagienne (p=0,03), ainsi que le V10
(p=0,03).
Conclusion.– La tomothérapie hélicoïdale est une technique pro-
metteuse dans le traitement des mésothéliomes pleuraux malins.
Les faibles doses rec¸ues par le poumon controlatéral semblent être
le facteur limitant. Il serait intéressant de les comparer à d’autres
techniques d’arcthérapie volumétrique.
http://dx.doi.org/10.1016/j.canrad.2012.07.054
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Validation clinique d’une marge de 3mm entre les
volumes cibles anatomoclinique et prévisionnel
pour la tomothérapie des carcinomes du col utérin
F. Le Tinier ∗, B. Castelain , F. Crop , N. Reynaert , T. Lacornerie ,
É. Lartigau , P. Nickers
Centre Oscar-Lambret, Lille, France
∗Auteur correspondant.
Adresse e-mail : letinierf81@gmail.com (F. Le Tinier)
Objectifs.– L’expansion entre les volumes cibles anatomoclinique
(CTV) et prévisionnel (PTV) est un sujet à l’étude dans la prise en
charge des cancers du col utérin par radiothérapie conformation-
nelle avec modulation d’intensité (RCMI). L’objectif de ce travail
était de valider cliniquement un concept de RCMI à faibles marges
déjà proposé par une étude théorique du Princess Margaret Hospi-
tal.
Patients et méthodes.– De janvier 2009à décembre 2011,
97patientes âgéesde51±16anset atteintesde cancerducol utérin
de stade IB2à IVB ont été rec¸u une chimiotomothérapie concomi-
tante dans le cadre d’une étude prospective enregistrée, de type
observatoire. En 28 fractions de 1,8Gy, 50,4Gy ont été délivrés
dans un premier volume cible prévisionnel (PTV1) comprenant
le volume cible anatomoclinique centro-pelvien et ganglionnaire
et 59,4Gy en 28 fractions de 2,14Gy en concomitance dans un
deuxième volume cible prévisionnel (PTV2) comprenant le volume
tumoral macroscopique (GTV) centro-pelvien. L’expansion entre
les volumes cibles anatomoclinique et prévisionnel était de 3mm.
Ce traitement était suivi d’une curiethérapie de débit pulsé de
15Gy. Des contraintes de doses ont été ﬁxées pour ne pas dépasser
40Gy et 45Gy dans 200 cm3 et 50 cm3 d’intestin grêle, 45Gy dans
20% de la vessie, du rectum et du sigmoïde. Des consignes permet-
tant un contrôle des volumes vésicaux et rectaux ont été données
aux patientes et une surveillance quotidienne de ces volumes a été
effectuée par tomographie conique avec correction possible avant
traitement.
Résultats.– Le suivi était de 12±6,5mois. À la ﬁn de la tomo-
thérapie et avant la curiethérapie, le diamètre tumoral initial de
5,3±1,8 cm mesuré sur l’IRM est passé à 1,5±1,4 cm. Vingt-sept
récidives ont été observées, majoritairement dans les 14premiers
mois, dont 12 (12%) locales, tous stades et situations confondus.
Seules 13patientes ont souffert de diarrhées de grade 1ou 2et une
de grade 3. Six patientes ont souffert d’une cystite de grade I ou II.
Aucune toxicité tardive de grade supérieur à 3n’a été observée.
Conclusion.–Avecunsuivi de12mois et l’absencede toxicité tardive
sévère, le taux de contrôle pelvien était encourageant, les récidives
dans la littérature étant précoces. Sous réserve d’un suivi plus long,
ces résultats semblent valider en RCMI le concept de faiblesmarges
pour les cancers du col utérin.
http://dx.doi.org/10.1016/j.canrad.2012.07.055
P030
Poster retiré.
http://dx.doi.org/10.1016/j.canrad.2012.07.056
P031
Évaluation de la dose à l’entrée délivrée par le
système d’imagerie du cyclotron
G. Moan ∗, D. Gotra , H. Joël , H. Mammar
Centre Antoine-Lacassagne, Nice, France
∗Auteur correspondant.
Results: Median follow-up was 23 months. Two-year freedom from
biochemical failure was 67% in the WPRT group versus 89% for POPT (p
Z 0.046). There was no difference in 2-year overall survival (95% WPRT
vs. 98% POPT). There were no signiﬁcant differences between the two
treatment groups for bowel-related QOL, including bowel summary after 6
(94.6 WPRT vs. 94.6 POPT), 12 (94.6 WPRT vs. 91.1 POPT), or 24 (93.5
WPRT vs. 93.5 POPT) months of follow up or for bowel function or bowel
bother at those same time points. No patient experienced a grade 3 or
higher GI toxicity. Acute grade 2 GI toxicities occurred in 12% of WPRT
patients versus 1% of POPT patients (p Z 0.002) and were due to
hydrocortisone (HC) suppository use. Late grade 2 GI toxicities occurred
in 7% of the WPRT patients versus 15% of the POPT patients (pZ 0.139),
including 7 POPT and 2 WPRT patients requiring cautery, 15 POPT and
0 WPRT patients requiring HC suppositories; 1 WPRT patient experienced
grade 2 proctitis and 1 POPT patient experienced grade 2 incontinence. On
univariate analysis, age  70 years, pretreatment statin use, and pretreat-
ment blood thinner use signiﬁcantly predicted for grade 2 GI toxicity.
Conclusions: WPRT resulted in higher acute grade 2 GI toxicity than
POPT. However, WPRT did not result in worse EPIC bowel summary,
bowel function, or bowel bother at 6, 12, or 24 months and there was no
difference in late GI toxicity. Longer follow up is needed to conﬁrm these
results.
Author Disclosure: L.A. McGee: None. B.S. Hoppe: None. R.H. Hen-
derson: None. C.G. Morris: None. R.C. Nichols: None. Z. Su: None. Z. Li:
None. W.M. Mendenhall: None. C.R. Williams: None. N.P. Mendenhall:
None.
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Nine-year Outcome and Toxicity in Patients Treated With IMRT for
Clinically Localized Prostate Cancer
S. Vora, W.W. Wong, S. Schild, and G. Ezzell; Mayo Clinic Arizona,
Phoenix, AZ
Purpose/Objective(s): To evaluate long term results and chronic toxic-
ities observed in patients treated with intensity-modulated radiation
therapy (IMRT) for clinically localized prostate cancer.
Methods/Materials: Three hundred two patients with localized prostate
cancer treated with image guided (BAT ultrasound) IMRT between 7/2000
and 5/2005 were retrospectively analyzed. All patients had >12 months
follow-up except for early deaths. Risk groups were designated based on
NCCN guidelines for low risk, intermediate risk and high risk (including
T3b). Biochemical control was based on the ASTRO (Phoenix) consensus
deﬁnition. Chronic toxicity was measured both at peak symptoms and at
last visit. Toxicity was scored based on CTCAE v.4.
Results: The median dose delivered was 75.6 Gy (range, 70.2-77.4 Gy). A
total of 35.4% of patients received androgen deprivation therapy (ADT).
With a median follow-up of 84.4 months (range, 4.5-136.4), local and
distant recurrence rates were 5% and 8.6%, respectively. The 5-year
biochemical control rates were 91.7% for low risk, 86.1% for intermediate
risk, and 79.3% for high risk patients. At 9-years, biochemical control rates
decreased to 77.3% for low risk, 69.4% for intermediate risk, and 52.7%
for high risk patients (p Z 0.054). ADT did not improve biochemical
control in the intermediate risk group with 9-year biochemical control of
81.4% vs. 66.7% (p Z 0.52). Univariate analysis found that clinical T-
stage, Gleason score, and PSA group was prognostic for biochemical
control. Peak chronic GU toxicity was Grade 1: 27.8%, Grade 2: 20.9%,
Grade 3: 3.0% Grade 4: .3%. Peak chronic GI toxicity was Grade 1:
28.1%, Grade 2: 11.3%, Grade 3: 1%. At last follow-up, GU toxicity grade
decreased to Grade 0: 76.8%, Grade 1: 16.2%, Grade 2: 6.3%, Grade 3:
0.7%. GI toxicity decreased to Grade 0: 88.4%, Grade 1: 9.6%, Grade 2:
1.7%, Grade 3: 0.3%. High risk group was associated with higher distant
metastasis rate (p Z 0.02) and death from prostate cancer.(p Z 0.0012).
Conclusions: This study represents one of the longest reported experiences
regarding the use of IMRT for prostate cancer. IMRT was well tolerated
with low late toxicity observed. Despite excellent biochemical control at 5
years, additional patients failed with longer follow-up. Subsequently, we
started using image guided IMRT with implanted ﬁducials delivering 77.4
Gy/43 fractions with an MRI directed concurrent boost to 83 Gy in order to
potentially further improve the outcome.
Author Disclosure: S. Vora: None. W.W. Wong: None. S. Schild: None. G.
Ezzell: None.
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Demographics and Comparative Effectiveness of Surgery and
Radiation Therapy in Men With Gleason Pattern 5 Prostate Cancer
J.D. Tward, W.T. Lowrance, and D.C. Shrieve; Huntsman Cancer Institute,
Salt Lake City, UT
Purpose: A primary or secondary Gleason pattern of 5 (GP5) has been
correlated with poor biochemical control after deﬁnitive therapy. We
evaluated disease speciﬁc (DSS) and overall survival (OS) in men with this
feature.
Methods: Subjects diagnosed between the years 2004 and 2008 with
biopsy GS5, N0M0 prostate cancer were identiﬁed from the NCI SEER
database and staged according to AJCC 7th edition criteria. Subjects with
combined Gleason score of <8 and survival times of <3 months from
diagnosis were excluded from the analysis. Kaplan Meier and Cox
regression analysis was used to estimate survival and the inﬂuence of
surgery, radiation therapy (RT), clinical T-stage, age, PSA, and overall
Gleason score. Details important to prognosis, such as margin status, RT
ﬁeld design, RT dose, PSA doubling time, # of cores positives, post-
treatment PSA were not evaluable and limit our analysis.
Results: A total of 13,340 subjects were identiﬁed with a median follow-
up of 27 months (range, 3-59 months). The median age was 70 (range, 20-
104) and median PSA was 11.4 ng/mL. Gleason pattern of 3+5, 4+5, 5+3,
5+4 and 5+5 was observed in 15.7%, 54.0%, 5.4%, 17.9%, and 7.0% of
subjects. The most common clinical T stage was T1c (38.1%) and cT3-T4
disease accounted for only 9.8% of subjects. Surgery, RT, surgery and
adjuvant RT, and no deﬁnitive therapy was performed in 34%, 33.7%,
7.1% and 23.5% of subjects. The 5-year OS and DSS was 71.6% and
88.1% respectively. Surgery, EBRT, EBRT+brachytherapy and surgery
plus adjuvant RT had statistically equivalent OS (Hazard Ratios 1.1, 1.1,
0.8 and 0.9; p > 0.05) and DSS (HR Z 2.0, 1.3, 1.3, 1.9; p > 0.05).
Surgery as monotherapy trended toward adverse DSS (p Z 0.09). No
deﬁnitive therapy was correlated with statistically worse OS and DSS (HR
Z 2.1 and 3.3; p < 0.01). Increasing log(PSA) had signiﬁcantly worse OS
and DSS (HR Z 1.6 and 2.1; p < 0.01). Clinical T-stage of <T4 and
Gleason score <5+5 had statistically better OS and DSS than the baseline
hazard.
Conclusions: Gleason pattern 5 prostate cancer has a poor prognosis. No
statistically signiﬁcant differences between deﬁnitive therapies were
observed for overall or disease-speciﬁc survival. Performing a deﬁnitive
therapy is correlated with clinically and statistically signiﬁcant improve-
ment in OS and DSS. The number needed to treat with deﬁnitive therapy to
prevent one prostate cancer death is 7 persons. Amongst the 5086 persons
in this study with occult disease (cT1c) found by PSA screening, 732
deaths are predicted to be preventable by deﬁnitive treatment.
Author Disclosure: J.D. Tward: None. W.T. Lowrance: None. D.C.
Shrieve: None.
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Voxel-based Analysis of Dose for Toxicity Prediction in Prostate
Cancer Radiation Therapy
G. Drean,1,2 O. Acosta,1,2 J. Ospina Arango,1,2 A. Simon,1,2 G. Cazoulat,1,2
P. Haigron,1,2 K. Gnep,3 J. Zhu,1,2 O. Henry,3 and R. de Crevoisier1,4;
1LTSI - Universite´ de Rennes 1, RENNES, France, 2INSERM U1099,
Rennes, France, 3Centre Eugene Marquis - Departement de Radiotherapie,
RENNES, France,
4
Centre Eugene Marquis - Departement de
Radiotherapie, Rennes, France
Purpose: Toxicity predictive models in prostate radiation therapy are
traditionally based on dose volume histograms, wasting 3D dose distri-
bution information. They are then inappropriate to localize regions of the
organs at risk (OAR) involved in toxicity, which is crucial in IMRT inverse
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planning. The goal of the study was to assess the relationships between
side effects and 3D dose distribution using voxel wise statistics.
Materials/Methods: One hundred sixteen patients (pts) received a dose of
80 Gy in the prostate by IMRT. Rectal and bladder toxicities were
analyzed: for acute toxicity using the CTCAE.V3 and for 2 year toxicity
using the SOMALENT classiﬁcation or bleeding scoring (at least 1
episode). The individual 3D CT scans and planned dose were non-rigidly
registered towards a template in a 2 step process: (i) CT scans were rigidly
registered towards the template; (ii) a non-rigid hybrid registration based
on the demons algorithm was implemented to align the organs. Dice scores
were computed for each pt organ. The statistical analysis was performed
only for pts being properly registered (Dice score > 0.7). A two-sampled t-
test was performed at a voxel-basis leading to the computation of 3D maps
for both, dose differences and False Discovery Rate corrected p values
between the mean dose of pts having or not toxicity. Voxels having
signiﬁcant p values in the dose difference were characterized in terms of
absolute volume, mean dose difference and localization in the OAR, which
was deﬁned as the distance to the prostate and the seminal vesicles
surfaces.
Results: Median follow-up was 31 months (6 to 64). Grade 1 and 2 rectal
acute toxicity rates were 26% and 4% respectively. Two year rectal toxicity
(> grade 2) and bleeding rates were 9% (95% CI: 3-14) and 20% (95% CI:
12-27). Two year bladder toxicity (> grade 2) and bleeding rates were:
19% (95% CI: 11-26) and 5% (95% CI: 1-9). Median Dice score were 0.75
(SD:0.12) for the rectum and 0.92 (SD:0.13) for the bladder, leading to the
inclusion of 74 pts and 107 pts for the rectal and bladder toxicity analysis,
respectively. 1) For the rectum: signiﬁcant difference of dose was found in
large regions (Table). More than 90% of them were within the 1rst cm
(anterior wall). 2) For the bladder: no voxel was found signiﬁcant.
Conclusions: Our voxel-wise method allows the highlighting of rectal
regions that may be involved in rectal toxicity and was not informative for
the bladder. This promising approach should be more investigated by
increasing both the number of pts and testing different registration
methods.
Author Disclosure: G. Drean: None. O. Acosta: None. J. Ospina Arango:
None. A. Simon: None. G. Cazoulat: None. P. Haigron: None. K. Gnep:
None. J. Zhu: None. O. Henry: None. R. de Crevoisier: None.
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Random Forest are Strong Competitors of Published NTCP Models
for Rectal and Bladder Toxicity Prediction
J. Ospina,1,2 J. Zhu,1,3 E. Le Prise´,4 A. Bossi,5 P. Haigron,1 K. Gnep,4
V. Beckendorf,6 O. Acosta,1 A. Simon,1 and R. de Crevoisier4; 1INSERM
U1099, Laboratoire Traitement du Signal et de l’Image, Universite´ de
Rennes 1, Rennes, France, 2Universidad Nacional de Colombia - Sede
Medellı´n, Escuela de Estadı´stica, Colombia, 3Laboratory of Image Science
and Technology, Southest University, Nanjing, China,
4
Centre Euge`ne
Marquis, De´partment de Radiothe`rapie, Rennes, France,
5
Institut Gustave
Roussy, Villejuif, France, 6Centre Alexis Vautrin, De´partment de
Radiothe´rapie, Nancy, France
Purpose/Objective(s): In case of prostate 3D conformal radiation therapy
(3DCRT) the objectives were: *to assess the predictive capabilities of
random forest (RF) to predict late rectal and bladder toxicity; *to compare
the performance of RF with respect to the classical normal tissue
complication probability (NTCP) models.
Materials/Methods: Four hundred thirty-seven patients (pts) received
3DCRT for prostate cancer to a median total dose of 78 Gy (70 to 80 Gy),
2 Gy/fraction. Pts were selected based on the availability of the dose-
volume histograms. Median age was 67 years (45-78). History of
abdominal or pelvic surgery, anticoagulant therapy and diabetes were
observed in 30%, 15% and 6% of pts, respectively. The data were collected
prospectively for 42% of pts. Rectal and bladder toxicities were analyzed
according to the SOMALENT classiﬁcation (> Grade 2). The analyses
were done with RF, a classiﬁcation methodology based on CART and
bootstrap, to generate a RF NTCP model, using the mentioned variables.
For each follow up endpoint, the data was split into training (75%) and
validation (25%) data sets. Then, a RF was trained on each training data
set. The same procedure was followed using 6 published NTCP models:
Lyman-Kutcher-Burman (LKB), Logit EUD, Poisson EUD, Ka¨llman,
Schultheiss and Parallel models. The model parameters were identiﬁed by
maximum likelihood. To compare the models, the predictive capabilities
were assessed using ROC analysis and binary logistic regression with the
actual patient outcome as the dependent variable and the estimated NTCP
value as the input.
Results: Median follow-up was 62 months (6 to 155). Two-, 3-, 4- and 5-
year grade  2 rectum toxicity rates were: 12% (95% CI: 9-15), 17% (95%
CI: 13-20), 19% (95% CI: 15-23) and 21% (95% CI: 17-25), respectively.
For the bladder 2-, 3-, 4- and 5-year grade  2 toxicity rates were: 13%
(95% CI: 6-16), 15% (95% CI: 12-19), 17% (95% CI: 13-21) and 21%
(95% CI: 16-25), respectively. The table shows that ROC AUC for the RF
were superior to the best one among the 6 published NTCP models in
almost all cases. Using the validation data, the associated p value to the RF
NTCP value in the logistic regression was < 0.01 for 2- and 3-years rectal
toxicity, whereas none NTCP value from traditional NTCP models resulted
signiﬁcant.
Conclusions: RF NTCP models appear to be strong competitors of pub-
lished NTCP models in predicting rectal toxicity and they seem to be
promising in predicting bladder toxicity, with a high potential in IMRT
planning.
Author Disclosure: J. Ospina: None. J. Zhu: None. E. Le Prise´: None. A.
Bossi: None. P. Haigron: None. K. Gnep: None. V. Beckendorf: None. O.
Acosta: None. A. Simon: None. R. de Crevoisier: None.
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Critical Utility of Ultrasensitive PSA for High-Risk Patients Eligible
for Adjuvant Radiation Therapy Following Radical Prostatectomy
C.R. King, R.E. Reiter, J. deKernion, M.L. Steinberg, and D.S. Finley;
University of California Los Angeles, Los Angeles, CA
Purpose/Objectives: To critically assess the utility of ultrasensitive PSA
(uPSA) following radical prostatectomy (RP) in the management of high-
risk patients (pT3 or + margin) eligible for adjuvant radiation therapy
(ART).
Materials/Methods: Between 2000 and 2010, 72 men who underwent RP
with either pT3 (21 pts, 29%) or + surgical margins (51 pts, 71%) were
Poster Viewing Abstract 2446; Table
Signiﬁcant (p < 0.01) voxel
characteristics
2 years  rectal
bleeding
2 years  grade
2 rectal toxicity
Absolute volume (mm3) 2259 4233
Dose difference (Gy, mean) 8.1 10.2
Distribution (%) of the voxel
by distance of the voxel
from the prostate and
seminal vesicles
5 mm 16% 49%
10 mm 97% 94%
15 mm 100% 95%
20 mm 100% 95%
30 mm 100% 95%
Poster Viewing Abstract 2447; Table AUC for late rectal and bladder
toxicity prediction using RF and classic NTCP models
Rectum Bladder
Random
forest
Best published
NTCP model
Random
forest
Best published
NTCP model
2-years 0.73 0.63 (Parallel) 0.72 0.67 (LKB)
3-years 0.65 0.58 (Ka¨llman) 0.79 0.66 (Ka¨llman)
4-years 0.71 0.60 (Ka¨llman) 0.73 0.70 (Parallel)
5-years 0.76 0.62 (Ka¨llman) 0.69 0.69 (Ka¨llman)
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ABSTRACT 
ABSTRACT 
 
 As a local treatment method, radiotherapy aims to raise the tumor local control 
probability by increasing dose on tumor target and decreasing the irradiation induced 
complications of normal tissue, in order to improve the survival rate and life quality 
for the patients. 
  By setting the dose distribution objectives for both tumor target and organ at risk 
(OAR), intensity modulated radiation therapy (IMRT) achieves the best dose 
irradiation fluence for each beam. And then, a large number of sub-fields are shaped 
by multi-leaf collimators in order to get more accurate irradiation and release normal 
tissues.  
 However, the tumor is normally surrounded with normal tissues, which are 
inevitable to be irradiated by X ray and its scattering. Even the most accurate 
radiotherapy techniques can not avoid dose on normal tissue and the presentation of 
irradiation toxicity. Some acute complication, which appear during the treatment and 
prolong or even block the course, will reduce the cure rate and survival rate. Some 
late toxicity, that appears from 3
rd
 month to 5
th
 year after treatment, reduce patients! 
life quality and bring them more pain. 
 Therefore, a kind of complication predictive technique is needed, which can 
predict the toxicity rate before treatment and can be used to compare treatment 
schemes quantitatively. Further more, this predictive factor should better be used in 
the IMRT optimization process by constraining dose on normal tissue, and finally 
decrease the complication probabilities. 
 The objective of this thesis is to study the complication predictive models, to 
summarize, fit and compare the existing predictive models at predicting different 
normal tissue complications. And based on them, the next step is to convert different 
predictive factors into IMRT optimization objective functions, which can reduce the 
dose on normal tissue in IMRT radiotherapy. Finally, an improvement is proposed for 
the traditional normal tissue complication probability (NTCP) model. 
 Research achievements and contributions are summarized as follows: 
 First, based on the complications from prostate and nun-small-cell lung cancer 
radiotherapy, different NTCP models were identified and compared, including: the 
III 
 
?????????? 
IV 
 
existing 6 NTCP models from literatures were summarized and their structures, 
parameters and relationships were analyzed; the parameters for all the 6 NTCP 
models at predicting late rectal and bladder toxicities at 2~5 years follow-up times 
after prostate cancer radiotherapy were identified, and their predictive capabilities and 
characteristics were compared; the parameters for one NTCP model at predicting 
nun-small-cell lung cancer radiotherapy induced acute esophagitis were identified, 
and the affects of chemotherapy to irradiation toxicity were analyzed using this NTCP 
model.  
 Second, the application of equivalent uniform dose (EUD) model in prostate 
cancer IMRT was studied, including: the structure characteristic and different 
parameter meanings were analyzed for EUD model; a strategy was proposed 
originally: to separate bladder wall into two different parts according to the relative 
position with prostate tumor target, and to set different parameter values for them, and 
then the effectiveness at decreasing dose on OAR on commercial IMRT platform was 
tested.  
 Third, the application of biological predictive models was studied in IMRT 
optimization, including: constrain functions and construct optimization objective 
functions were established for 4 physical criterions and 3 biological criterions; the 
feasibility and the effectiveness of biological criterion application were tested in 
IMRT. 
 Fourth, the traditional NTCP model was improved with biological effective dose 
(BED), including: the BED model, which describes the transform relationship 
between physical and biological dose, was derived from linear-quadratic model; based 
on this model, the traditional NTCP model was improved to be able to predict 
different toxicity probabilities after different fractionation treatment separately; the 
predictive capability, the theory and the clinical significance of this improvement 
were tested. 
 
Keywords: tumor, intensity modulated radiation therapy, complication, predictive 
model, equivalent uniform dose, biological effective dose, normal tissue complication 
probability, tumor complication probability.
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??? ?? 
??? ?? 
 ???????????????????Intensity Modulated Radiation 
Therapy?IMRT????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????????? 
1.1?????????? 
1.1.1??????? 
 ??????? 2009 ???????????????????????
???????????????????????????????
[1]
???
???????????????????? 55%?????????????
40%
[2]
???? 65%????????????????????????
[3]
? 
 ? 1895??????????Röntgen?????????????? X?
??? 1902? X???????????????????????????
X??????????????????????????????????
??????????????????external beam radiation therapy????
?????????? 
 ?????????conventional external beam radiation therapy??????
????2DXRT??????? X????????????????????
???????????????????????????????????
???????????????????treatment planning system?TPS??
????????????????collimator??????????????
???????????????? 1.1?a????????????????
?????????????????????????#????????
?Image Guided Radiation Therapy?IGRT?$???? X??????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????? 
 ?????????????????????????????????
???? 3D-conformal radiation therapy? 3D-CRT?????? CT??
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?????????? 
?CT-simulation???????3D-radiation therapy treatment planning?3D-RTP?
????????????????????CT?????????????
?CT????CT???????????????????????????
???????????????????????????????????
???????????????TPS??????????????????
???beam!s eye view?BEV???????????multileaf collimator?MLC?
????????????? 1.1?b???????????????X???
?????????????????-??????dose-volume histogram?
DVH????????????????
[4, 5]
???????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????????DVH???
???????????????????????????????????
???3D-CRT????????????????????????????
???????????????????????
[6]
???????????
???????????????????????????????????
???????cost effectiveness?
[7-10]
? 
 ????????#?????????intensity modulated radiation therapy?
IMRT?$??? 3D-CRT???????????
[11]
?IMRT????TPS???
????????????????????sub fields???????????
???????????????????????????????????
?????????????????????????????????IMRT
???????????????????????????????? 1.1
?c???????????????????? 3D-CRT???BEV?????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????? 
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??? ?? 
    
            ?a?                    ?b?                        ?c? 
? 1.1 ???????????? ?a?????? ?b????? ?c????? 
1.1.2 IMRT???? 
 ?????????????????????????????????
???????????????????????????????????
?????????????????IMRT???????????????
??? 
1.1.2.1????????????? 
 ?????????????????????????????????
?????????? CT?????????????????????MRI?
??????????Positron emission tomography?PET-CT????????
???????????????????? TPS?????????????
??? 
1.1.2.2??????? 
??? TPS??? CT???????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????? CT ? MRI ????????
???????????????????????????????????
?????? PET-CT ??????????????????????? CT
? PET ???????????????????????????????
?? 
1.1.2.3???????????????????? 
????????????????????? ICRU? International 
Commission on Radiation Units?50???? 62???
[12, 13]
?????????
??????gross tumor volume?GTV???????clinical tumor volume?CTV?
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?????????? 
??????planning tumor volume?PTV????????TPS???????
???????????GTV?CTV????PTV?????????internal 
tumor volume?ITV??????????????????????????
??????????????????????????margin?????TPS
???????????????????????????????????
?????????????????? 
1.1.2.4????????????? 
 ????????Multi-Leaf Collimator?MLC?????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????TPS???????????????????????
????
[14]
????????TPS????????????????????
???????????????????????????????????
??????step&shoot???????sliding window???????????
?????????????MLC???????????????????
??????????????MLC??????????????????
????????????????????????????
[15-17]
?????
???????????????????????????????????
?????????????#BEAM ON$?????????
[16]
? 
1.1.2.5?????? 
  ????????????????????????? 
  ?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
????conformal index?CI????????homogeneous index?HI????
??????????????????????????????????
????????????? 
1.1.2.6??????????????? 
  ?????????????????????????????????
?????????????????????????????? DVH??
??????????????????????????????????
??????? 
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??? ?? 
1.1.3 IMRT???? 
  ?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
?????????????????????????????
[18]
? 
1.1.3.1???? 
  ??????????TPS?????????????????????
[19]
?????????????????????????????????
??????????????????????-????????????
????????????????
[20]
???????????????
[21]
?
??????????????????????-????????????
??????????????????????????????????
?????????????????????-?????????????
??????????????????????????????????
???????????????????????????????
[22-29]
?
?????????????????????????????????
[30, 
31]
??????????????????????-????
[31]
??????
?????????????????????????? 
1.1.3.2???? 
 ?????????????????????????????????
?????????????????????????#?????????$
? NTCP?Normal Tissue Complication Probability??#??????$? TCP
?Tumor Control Probability???????????????????????
???????NTCP?TCP??????????????????????
??????#????????$? EUD ????????????????
?-???????EUD????????????????????????
NTCP? TCP????????????????? IMRT?????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????  
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?????????? 
1.1.4????IMRT 
1.1.4.1???????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????? 1/30~1/20?????????????
?????????????????????????? 1/2
[32]
??????
???????????
[33]
? 
 ???????????????????50?????????????
?????????????39???? 10?????? 1????????
40~59?? 103????? 1??????60~79?? 8?????? 1???
??? 
 ?????????????????????????????????
??? 1/30???????????????? 
 ??????? 9%???????????????? 55???????
????????? 43%????????????????????????
????????????? 2.62? 
 ?????????????????? 1.6~1.9 ???????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????????????? 
 ?????????????????????????????????
???????????????????????????????????
????? 
 ????????????????????????????????
80%?????????????????????????????????
???? 10%?????????????????????????????
???????????????????????????????????
??????????????????????????????? 
 ?????????????????body mass index?BMI??????
???????????????????????????????????
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??? ?? 
??????????????????????????????? 
1.1.4.2????????????? 
 ???????????????????????? 60 ???????
???????????????????????????????????
???????????????????????????????????
?????????????prostate-specific antigen?PSA?????????
???????????????????????????????????
????????????????????????????? 
 ?????????????????????????????????
???????????????????????????????????
?????????PSA ????????????????????
[34-36]
???????? 79?????????? 12????????????
???????????????????????????????????
?,???????, Gleason???? 7????,????,?????????
???,????????????,???????????????????
?????????????
[37]
???,?????????????????
???????????????????????????????????
??????????????????????????????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???IMRT?????????????????????MSKCC?????
?? 772???????????????????
[38]
??? 698??? 81Gy?
74??? 86Gy??? 35???RTOG?Radiation Therapy Oncology Group??
?????????????????????????????31 ????
????????1 ????????????3 ?????????????
????????? 4%? 15%?????????????????????
????MSKCC???????????????????????????
?????? 
1.1.4.3?????????????????? 
?1?????????????? 
 ?????????????????????????????????
???????????????????????????????????
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?????????? 
????linear-quadratic model, L-Q model???????????/??[39]???
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????/???????????????????????????????
???????????????????????????????????
????????????? 
?2?????????????????-???? 
 ????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????-?????#S$?????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????? 
1.1.5??IMRT 
1.1.5.1 ?????? 
 ?????????????????????????????????
??????1996 ??????????????? 130 ?????????
?? 12.18%?????????????????????????????
????????????????????????
[40]
?????????
?????????????? 28.6%??????? 7%
[41]
????????
?? 10 ???????????????????????????????
???????????? 22.7%????????????????????
????????? 26.9%????????????????? 2025 ???
???????? 100 ????????????
[42]
???????????
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??? ?? 
????
[33]
? 
 ????????????LARC??????????????????
???????????????????????????????????
?????????????????? 40 ???????????????
? 20???????????? 10~20?????????????????
??????????????????????? 
 ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???
[43]
? 
 ?????????????????????????????????
???????????????????????????????????
????????????????? 25~30???????????????
??????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????? 
 ??
[40]
??????????????????????????????
???????????????????????????Askling?
[44]
??
???????????????????????
[45]
??????????
???
[46]
??????????????????????????????
????????????? 
1.1.5.2 ??????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????I??II????IIIA??
?????????????IIIB??IV?????????????????
??????????????nun-small-cell lung cancer?NSCLC??????
?? 75%~80%????????????????????????????
???????????????????????? 64.3%????????
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?????????? 
?????????
[47]
? 
 ?????????????????????????????????
???????????????????????????????????
????????????????????????IMRT????????
??????????Rosenzweig?
[48]
???????NSCLC??IMRT???
???? 3D-CRT???????????IMRT?????????????
???????????????????????Yom?
[49]
??IMRT?? 59
?NSCLC??????????????????????????????
???????????????-???????????????????
?? 63Gy?84.8%??????????6??????????????? 82%
? 47%???????????????????IMRT???????M. D. 
Anderson??????????IMRT??NSCLC????????
[50]
?IMRT
???????NSCLC????????????????????????
?????????????????Grill?
[51]
? 18?I~IIIB?NSCLC????
???????????IMRT?????????????????????
?????????????M. D. Anderson????????
[52]
?IMRT???
????????????????V5? 
1.1.5.3???????????????? 
 IMRT??????????????????????????????
??????????????IMRT??????????????????
???????????????????????????????????
???????????????????????
[53-55]
? 
 ?????????????????????????????????
???????????????????????????????????
????????????????????????????????????
??????????????????????????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????
[56-58]
???????????
????????????????-??????????????????
??????????????????????? 
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??? ?? 
1.2 ????????? 
 ???????????????????? CT????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????? 
1.2.1?????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????? 
1.2.1.1????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???early or acute responding normal tissues????????slow responding or 
late effect tissues?????????????????????????????
??????????????????????? 90 ??????????
????????????? 3?????????????????????
????????? ?/?????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
? 90??????????????????? 90????????? ?/??
???????????????????????????????????
?????????????????????????? 
1.2.1.2?????? 
 ?????????????????????????????????
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?????????? 
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
?? 1.2??? 
 
? 1.2 ???????????????????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????? 10%???????????TCP???? 5??
???? 15%??? 75%????????????????????????
???????????????????????????????????
???????????????????? 1????? 1.2?????????
???????????????????????????? 1.2?????
???????????????????????????????????
????????????????
[59, 60]
????????????????
?????????????????????????Marks?
[61]
?????
??????????????????? 2010 ?????????????
?????? 
1.2.1.3??-???? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
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??? ?? 
????????????????????????#??$???#??$?
??#??$??????????????????????????#??$?
?????????????????????????????AAPM???
????????ASTRO??????QUANTEC (QUAntitative Normal TissuE 
models in the Clinic)?????
[61]
??? 75????????????????
??????????? 18 ??????????????????????
???-???????????????????????????????
??? 
1.2.1.4??-???? 
 ?? 1988 ??Withers?
[62]
?????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????? 2Gy??????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????? 
1.2.1.5??????? 
 ?????????????????????????????????
??????????????????????????? DNA?????
????????????DNA????????????????? DNA?
??????????SSB???????DSB??????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????? 
1.2.1.6??????????? 
 ?????????????????????????????????
???????????????????????????????????
???-????????????????????????????????
KPS?Karnofsky performance status????????????????????
??????????????????????????? 
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?????????? 
1.2.1.7???????? 
 ???????????????????
[116]
?#???????????
???????????????????????????????????
??????????????????????$????????????
???????????????????????????????????
???????????????????????????????????
????????????????#????$?#?????$??#????
?$?????????????????????????????????
???????????????????????????????????
???????????????????????????????????? 
1.2.2?????????????? 
 ????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
????????????????????????????????? 
1.2.2.1 RTOG/EORTC????????? 
 ? 1983????RTOG?Radiation Therapy Oncology Group? 8115????
????Cox?
[63]
????????????????time-adjusted?????
?????????????????????????1985 ???????
?????????the Acute Radiation Morbidity Scoring Criteria?????1990
??????????National Cancer Institute?NCI????????????
????
[64]
???A???????????RTOG????????????
?the RTOG Acute Radiation Morbidity Scoring Criteria??????????
RTOG/EORTC?European Organization for Research and Treatment of Cancer???
????????the RTOG/EORTC Late Radiation Morbidity Scoring Scheme??
?? 0?????????5??????????????????????
?????????????? 
1.2.2.2 LENT/SOMA????????? 
 ?????????????????????????RTOG?EORTC?
????????????????????????????LENT/SOMA
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??? ?? 
?late effects of normal tissues/subjective objective management analytic?????
LENT/SOMA?????????????????????????????
? 1995? 3???Radiotherapy and Oncology ???#??$????International 
Journal of Radiation Oncology ' Biology ' Physics???#??$????????
??????#RTOG/EORTC$??????????????
[65-69]
??????
??????????????????subjective symptoms??????
?objective signs???????????????????????Tenesmus??
?????Mucosal loss????????Sphincter control???????Stool 
frequency?????Pain??????????Bleeding?????Ulceration???
????Stricture???????????????????????Dysuria??
???Frequency?????Hematuria??????Incontinence???????
?Decreased stream??????????????????Hematuria 
microscopic??????????????Endoscopy?????????Maximum 
volume????????Residual volume?????????????????
???????????Grade1~Grade4?????????????????
????Grade2????????????????????????????
??????????????????????????????
?management of signs and symptoms???????????????the findings 
of special analytical investigation????B???LENT/SOMA????????
?????????? 
1.2.2.3 CTCAE????????? 
 CTCAE?Common Terminology Criteria for Adverse Events????CTC
?Common Toxicity Criteria????????????????????????
????? 4.0???????????NCI?? 2009???
[70]
???????
????????????????????????????mild????
?moderate?????severe???????life threatening?????death?? 
1.2.2.4?RTOG/EORTC?LENT/SOMA????????????? 
 ??LENT/SOMA??? 1995????????????????????
?????????LENT/SOMA????RTOG/EORTC???????Hoeller
?
[71]
???RTOG/EORTC?LENT/SOMA????????????????
???????????????????????????????????
????????RTOG/EORTC?????LENT/SOMA??????????
?????????RTOG/EORTC????????Anacak?
[72]
???
RTOG/EORTC?LENT/SOMA?????????????????????
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????????????????LENT/SOMA?????????????
?????????future step??????????????????????
?? 
 ????????????????????????????????
?????????????????????RTOG???LENT/SOMA??
????????????????????????????????
[73]
?
??????????????????????????????
RTOG/EORTC?LENT/SOMA???????????????NTCP????
???? 
1.2.3??????????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????image guided radiotherapy?IGRT???????????????
???????????????????????????????????
??????????????????????????????? 
1.2.3.1???????????????????? 
?1????-?????? 
 ???-??????DVH?????????????????????
???????????????????????????????????
?????-?????????????????????????????
???? 
 ?????-?????????? Dmax????? Dmin????? Dmean?
???? Vd?Dmax ????????????????????????#?$
???????????dose grid???????????????????
Groupe d*Etude des Tumeurs Uro-Génitales?GETUG?????????????
???????????? 1.8cc????????????????????
???Dmin???????????????????????????????
Dmean ????????????????????????????????
???????????????????????????????????
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???????????????????????????????-???
???????? Vd?????? dGy????????? 
 ?????????? 1991?Emami?
[60]
???????????????
??? 28???? 5???????? 5%? 50%????????-?????
???????????????????????????????????
??????????????-????????????????????
?????? 1/3?2/3? 3/3???????? 5%? 50%?????????
???? 
 ?????????????????????????????????
???????????????????????????????????
???Emami???-???????????????2007 ????????
????AAPM???????????ASTRO??????QUANTEC 
(QUAntitative Normal TissuE models in the Clinic)?????
[61]
??? 75???
???????????????????????????????????
??? 18 ??????????????????????????????
?-?????????????????????????????????? 
 ??-?????????????????? IMRT ?????????
??????????????????????????-??????? DVH
????????????-????????????????????? 
?2???????? 
 ???????equivalent uniform dose?EUD???????Niemierko
[74]
? 1997???? ???EUD??????????????????????
?????????EUD????????????????????????
??? 1999 ??Niemierko
[75]
??EUD??????gEUD?general EUD???
?????????????????????EUD?gEUD????????
????????????EUD??EUD????????a?????????
??a?????????????-?????a???LKB????????
?#n$?????a=1/n???????-??????????????????
????????EUD?????????????????????????
???-????????????????????????
[76]
???????
EUD???????????????????
[77, 78]
???????????
?????????????????????????????IMRT???
????????????????????? 
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?3??NTCP???? 
 ???????????????????-????????????-?
??????????????????????????????????-
???????????? DVH????????????????????
???????????????? NTCP????????????? 
 ?? 1978 ??Dritschilo
[
?
79]
?????????????""CPF
?complication probability factor?????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????
Lyman
[80]
??CPF?????????????????????weakness???
??????????????????????????????????
?the probability of complications arising is unbounded and linear in absolute volume 
of tissue irradiated???CPF???????Wolbarst?
[81, 82]
?????????
???????Parallel??? 
 LKB?Lyman-Kutcher-Burman??????????????NTCP???
Lyman
[83]
?????S??????sigmoid dose response?SDR???????
???????????????????????????????Kutcher?
Burman
[84, 85]
?Lyman
[86]
???????DVH???????SDR??????
????????????????NTCP??????LKB?????
Schultheiss?Källman?Jackson??????Logit-EUD?Schultheiss?Poisson-EUD?
Källman?Parallel?????NTCP????????????????????
???????????????????????????????????
????????????TPS???????DVH????????????
???????????????????????????????????
???????????????????????????????????
???????????NTCP?????????????????????
?????????????? 
?4???????? 
 ?????????????????????????????????
???????????????????????????????????
??????????????? 
 1999??Munley?
[87]
?????????artificial neural network?????
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?-????????????????????????????? 
 2004 ??Thames?
[88]
????????cluster model??????????
????????????function sub unit?FSU????FSU???????
???????????????????????????????FSU??
???????FSU????????????????FSU????????
???????????????????????????????????
??????????????????????? 
 2006??Naqa?
[89]
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????????????????????????????data mining??
???????????????????????????????????
????????? 
 2008??Deasy?
[90]
????????????????????????
???????????????????????????????????
??????????????????superior????inferior??????
??????????????????????????????????
?p=0.004?? 
 2009 ??Valdagni?
[91]
????Nomo????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
?????? 
 2010??Acosta?
[92]
????????????????????????
???????CT??????????????????????????
????????? 
1.2.3.2 NTCP??????????? 
 Burman
[93]
? 1991 ???Lyman
[83]
????????????Emami
[60]
??
??????????????????????????????? 27 ??
??????????????????? 29 ???????NTCP????
?TD50(1)?n?m????????????Pinnacle????????????
??????
[94]
???????????????????????????
?????????????Burman??????????????????
???????????????????????????????????
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???????????????????????NTCP?????? 
 ?????????????????????????????????
????? Emami? 1991???? LKB????????????????
????????????Fiorino?
[115]
?????????????????
?????????????? NTCP????????? 
 ???????????Rancati?
[96, 97]
????? 547?? 1119????
?????????????????-???????????Grade2?Grade3
?????????Grade3 ????????????LKB?????Peeters
?
[98]
??? 468 ?????????-???????????????Grade3
?????LKB?????Soehn?
[99]
??? 319?????????-????
???????????Grade2 ?Grade3 ?????LKB?????Tucker?
[100]
??? 1023 ?????????????????????-??????
?????????Grade2 ?Grade3 ?????LKB???????????
????????????n????Rancati?Grade2?Grade3???????
? 0.24?????n????????? 0.15???????????????
???????? 
 ??????????Mavroidis
[101]
?Peeters
[98]
????????????
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? 65??????????????????Peeters????n???? 1??
???????D50?m??????????????????? 
 ???????????????????Chapet?
[95]
??? 101????
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???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????Chapet????????????????101?????????
???????????????n=0.44?68%???? 0.25+0.79?95% CI 
0.11+1.41)?? 
1.2.3.3???????IMRT??????? 
 ?????????EUD????????????NTCP????????
?????????????????????? IMRT??????????
???????????????????????????????????
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????? 
 ?????EUD???????????????Wu?
[102, 103]
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?????????????EUD????IMRT?????????????
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????????hot spot??Wu?????EUD??IMRT?????????
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????????trial-and-error???????????Choi?
[104]
?????
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IMRT?????????????????higher clinical relevance??????
???EUD??????????POCS?projections onto convex sets?????
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 Mohan
[105]
?Wang
[106]
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 Hristov
[107]
????????????????????????????
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[108]
?NTCP??????
???????????????????????????????????
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 Romeijn
[109]
?Hoffmann
[110]
??EUD?NTCP?????????IMRT??
???????????????????????????????????
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 Li?
[111]
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?biological based treatment planning system?BBTPS???? 
1.2.3.4???????????NTCP??????? 
 NTCP??????-????????????????????????
????????????????????-??????????????
???????????????????????????? NTCP????
????-??????????????????????????????
???????????????????????????????????
??? 2.0Gy?????????????? 2.0Gy????? 1???????
????????? NTCP ??????????????????????
???????????????????????????????????
?????? ?/????? NTCP????????????????????
?? ?/????????????????????????????? 
 Brenner?
[112]
???????????????????????/????
5.4±1.5Gy????????????????????????????Marzi
?
[113]
?????????????/????????????????????
???????????????????????????NTCP?????
??????Burman??
[93]
????/????????????/????? 2.3Gy
????Tucker?
[114]
? 2011??????????/?????????????/?
?????NTCP????NTCP????????????????????
????/?????NTCP???????NTCP??????????Tucker?
???/???????????????????/??????????????
?Tucker???????????/???????NTCP???????????
????????? 
1.3 ??????????????? 
 ??????????????????????????????-???
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????? 
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?1?? ??????? 
 ?????????????????-????????????????
????????????????????????????? DVH???
???????????????????????????-???????
??????? NTCP?????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????? 
?2?? ??????? 
 ??????? NTCP???????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????? NTCP?????
????????? NTCP???????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????? A ???????
?????????????????????????? B ???????
?????????????????????? 
 ?????????????????????????????????
????????????????????? NTCP???????????
???-???????????????????????????????
???????????????????????????????? 
?3?? ????? IMRT?????? 
 ??????????? EUD ? NTCP???? IMRT????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????? IMRT?????????????????????
????? 
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???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????? 
?4?? ????????????? NTCP?? 
?? NTCP ???????????????-????????????
???????????????????????????????????
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?????-?????????????????????????????
??? DVH?????????????? NTCP????????????
????????????????????????????? NTCP???
???????????????????????????????????
????????? 
1.4 ??????? 
 ???-??????????????????????????????
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??#optimization of Tumor Image Guided RadiothErapy?TIGRE$??????
ANR-09-BLAN-0378-01?????????????????#???????
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??#???????????????????????$??????
ZR2010HQ053????????????????????????????
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??????????????????????????? 
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????Simplex method???????Simulated Annealing???????Genetic 
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Algorithm????????????????? NTCP ??????????
?? IMRT?????????????? 10?????? 439??????
???????????????????????????????? NTCP
???????????????????????????????????
????????? 157 ???????????????????????
??????? LKB ?????????????????????????
??????????????????????? 
 ????????????????????????????????
???????????????????????????????????
? EUD????????????? IMRT??????????? 53???
?????????????? CT???????????????????
?????#??????$?#?????EUD???$????????????
???????????????????????TCP??????????
??NTCP??????????????????????????????
??????? EUD? IMRT????????????? 
 ??????????????????????? NTCP???????
?????????????? IMRT?????????????? IMRT?
?????????????????????? NTCP??????????
??????????????????????? 
 ???????? NTCP??????????????????????
???????????????????????????????????
?????????-???linear-quadratic????? ?/?????? NTCP?
?????????????????? IGR?Institut de cancérologie Gustave 
Roussy?? 213????????????????????????? ?/??
???????????????????? NTCP????????????
?????? ?/?????????????????????? 
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???????????????????????????????????
???????????????????????????????????
?????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????? 
 ????????????? 
 ???????????????????????????
?LENT/SOMA????????????????????????????
????? NTCP??? LKB?????????????????????
??????? ?? ? ? ?100,50150 ?TD ? ?1,0?n ? ? ?1,0?m ? 
 ?????????????????simplex method?????????
??????????????????? ? ?150TD ?n? ?????????
???????? 
m
 ??????Matlab?????? fminsearch?????????????
???????????????????????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????? 10000????
?????????generation??? 10000?? 
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?????????? 
2.4.3.2???? 
????????????????????????????????? 2.1? 
? 2.1 ????????????????? 
???? TD50(1) n m ????? ?????????? 
1 77.97043 0.020127 0.1397 133.1317 5.188 
2 77.97043 0.020128 0.139701 133.1317 7.656 
3 77.97048 0.020127 0.139701 133.1317 5.485 
4 77.97045 0.020127 0.1397 133.1317 6.843 
5 77.97048 0.020127 0.139701 133.1317 6.391 
6 77.97041 0.020128 0.139701 133.1317 7.109 
7 77.97047 0.020127 0.139701 133.1317 6.703 
67.04495 0.935141 0.002958 269.0999 2.297 8 
13.88909 0.202765 0.198722 917.0118 1.5 9 
10 77.97044 0.020128 0.139701 133.1317 5.016 
????????? 8??? 9?????????????????????
???????????? 8???????????????????????
????????????????NTCP ????????????????
???????????????????????????????? 
 ?????????????????????? n ??? 0.02???
TD50(1)? m??????????????? 2.1??????scales image??
??????????? 
 
? 2.1 ?? TD50(1)? m?????????????????????????????? 
???????? TD50(1)? m?????????????????????
????????????????????????????? TD50(1)? m
????????? 77.97? 0.02???????? n???????????
????????????????? 2.2?? 
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??? ?????????????????????? 
    
                 ?a?                               ?b? 
? 2.2 ??? TD50(1)? m???? 77.97? 0.02???? n????????????b?????a???????
?????? 
?? 2.2?a?????? n? 0.14????????????????????
?????????? 133.13 ???????????????? n ? 0.003
??????????????????????????????? 270???
????????????????????? 8 ????????????
?? 
 ??????????????????????? NTCP???????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????? 
 ?????????????????????????????????
???????????? 2.2?? 
? 2.2?a????????????????? 
?????? 
TD?Gy? n m ????? ?? Time??? 
77.5468 0.0237 0.1407 133.1418 3.82 32517 
78.2823 0.0240 0.1524 133.1803 18.53 16573 
78.8650 0.0128 0.1362 133.2135 7.98 25083 
79.9759 0.0148 0.1494 133.3028 38.74 9356 
79.0280 0.0158 0.1345 133.4274 65.61 4169 
72.7527 0.1119 0.2084 134.6853 90.00 1068 
21.4000 0.8215 0.0967 917.0118 100.00 0.05 
69.1162 0.1394 0.1746 135.2112 90.00 1061 
77.8897 0.0199 0.1390 133.1338 22.88 14905 
76.6587 0.0362 0.1406 133.4733 59.05 5292 
? 2.2?b??????????????? 
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?????????? 
???? 
TD?Gy? n m ????? Time??? 
77.9644 0.0201 0.1396 133.1317 2336 
77.9555 0.0202 0.1397 133.1317 2314 
77.9478 0.0201 0.1394 133.1317 2321 
77.9370 0.0203 0.1396 133.1317 2323 
78.0121 0.0199 0.1399 133.1317 2307 
78.0125 0.0199 0.1398 133.1318 2316 
77.9861 0.0199 0.1394 133.1318 2327 
77.8987 0.0206 0.1396 133.1319 2322 
78.0590 0.0197 0.1401 133.1319 2309 
77.8768 0.0205 0.1390 133.1319 2326 
? 2.2?a???b???????????????????????????
?????????????????????????????????
2.4.2.1? 2.4.2.2???? 2.2??????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????? 
 ?????????????????????????exhaustive search?
????????????????????? 0.01????????????
???????????????????????????????????
???????????????????????????????????
??????????? 0.0236???????? Intel(R) Core(TM)2 Duo CPU, 
T5670, 1.80GHz?2G ????????????????? ?
? ?????? 0.01??????? 5×10
8
????????
13 ?????????????????????????????????
??????????? 
? ? ? ?100,50150 ?TD? 1,0?n ? ? ?1,0?m
2.4.3.3?? 
 ?????????????????? 
 ???? NTCP?????????????????????????? 
 ???? Simplex?????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
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??? ?????????????????????? 
???????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????????????
?double check?????????????????????????????
?????? 
 ??????????????? NTCP ??????????????
Simplex???????????????????????????????
????????????????? 
2.5?NTCP?????????????????????? 
2.5.1???? 
 ??????????????IMRT??????????????
?volumetric modulated arc therapy?VMAT????????????????
??????????????????????????? 78Gy??
[24, 25]
?
???????????????????????????????????
??tumor control probability?TCP??????????????????NTCP?
???????????????????????????????????
??????????????????????????????????
?????????IMRT???????????????????????
NTCP?????????????????????????????????
???????????????NTCP???????-??????DVH??
?????????????#S$?????
[2, 12-14, 26-28]
??? 2.2??????
???????????????????????????????????
??????? 
 ?????????????????????
[29-31]
??????????
??????????????????????-????????????
???????????????????????EUD?NTCP??????
???IMRT?????????????????????????? 
 ?????????????????????????????????
??????-??????????????????????
[32-35]
????
?Burman
[1]
? 991 ??Emami
[
1 ?
3]
??????????????????
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?????????? 
LKB??????????????????????NTCP????? 
 ?????????????????NTCP?????????????
??????????????????????????????-????
??????????????????GETUG?Groupe d!Etude des Tumeurs 
Uro-Génitales?
[36]
????????????????????? 
2.5.2?????? 
 ?? 439?????????Centre Eugène-Marquis?Institut de cancérologie 
Gustave Roussy? 10??????????????????????????
??????????????????????????
[37]
???????
????????????????chemotherapy??????????????
???????????????????????????????????
???????????????????????????? 70 ?????
?????????????70-75???????????????????
?T2?T3a????? 1997??????Union for International Cancer Control?
UICC????T1 ????????Gleason?????VII??PSA?????
10ng/mL????????T3b?T4?????????????CT?????
???????Partin nomograms?1997????????????? 10%???
?????
[38]
?????????????? 
2.5.3???? 
2.5.3.1?????CT?? 
 ?????????????????????????????????
??????????????????????? 5mm??????? CT
??????????????????????????????????
?urethrogram?????????????????????????CT ??
???????????????? 3-5mm?CT????????? 
2.5.3.2????????? 
 CT????????????????????????????????
???????????CTV1??????????????????????
????CTV2?????????????????????????????
???CTV??????????? 1cm????????CTV1?CTV2??
??????PTV1?PTV2?????CTV????????????????
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??? ?????????????????????? 
? 10mm????? 5mm???????????????????escalation 
study
[39]
??????????????????????????????CTV1
??? 2cm???????????????????????????? 7mm
? 5mm???????????????????????????????
??? 
2.5.3.3?????????-?????? 
 ??????????????????????International Commission 
on Radiation Units and Measurements?ICRU?50? 62???????????
???????????? PTV1???? 2Gy?? 46Gy?????????
??? PTV2??? 2Gy?? 34Gy???????????? 6??????
??????????5 ????????????????? 8 ??????
???????? CT?CBCT??????????????? 32Gy????
???? 80Gy?????????????????????????? PTV2
??????????????? 76Gy???????????? 72Gy???
????????????????????PTV2 ????????? IMRT
???????GETUG????????? 
 PTV2??????Dmin?72Gy?V76?85% ? 
 ????Dmax?76Gy?V72?25%? 
 ????Dmax78Gy? 
 ????V55?5%? 
?????????? 2%????????????????????-???
???????????????? 2%???????
[40]
? 
2.5.3.4???? 
 ??????????????????? CT????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????? 
2.5.3.5???? 
 ????????????????
[41]
????????????????
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?????????? 
???????????????????????????????????
??????-????????????????????????????
???????????????????????????????????
???????????????????????????????????
??? 
2.5.4????? 
 ???????????????????????? 
 ??????LENT/SOMA????
[42, 43]
 ??????????????
??????????????????toxicity ?Grade2??LENT/SOMA???
??????????????Subjective?????Objective???????
???????????????????????Tenesmus???????Mucosal 
loss????????Sphincter control???????Stool frequency?????Pain??
????????Bleeding?????Ulceration???????Stricture?????
??????????????????Dysuria?????Frequency????
?Hematuria??????Incontinence????????Decreased stream????
??????????????Hematuria microscopic????????????
??Endoscopy?????????Maximum volume????????Residual 
volume????????????????????????????
Grade1~Grade4?????????????????????Grade2????
???????????????????????????????????
?????????????????????????????? 
 ???????????????bleeding??????????????
???????????????????????????????????
??????? 
2.5.5?????? 
 ? LKB?Logit-EUD?Schultheiss?Poisson-EUD?Källman ? Parallel ??
NTCP??????????? 2??3??4?? 5???????????
????????????????????????? Grade2?LENT/SOMA
?????????bleeding???????????????????????
???genetic algorithm????????? 
 ? NTCP????????????EUD???????????????
???????????????????????????????? n??
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??? ?????????????????????? 
??????????? -?????????????? Logit-EUD ?
Poisson-EUD ??????????????????? n ????? EUD ?
????? D?????????? EUD? NTCP???????? EUD?
?????????????????????????2??????×4??
?????????????????linear logistic regression????????
EUD ????????p ??????? n ??????? Cox ??????
????? EUD???? n??? EUD???? TEUD??????????
????????? n?????? EUD?????????? TEUD????
???????????????? 
2.5.6?????? 
 ??????????Receiver Operating Characteristic?ROC??????
??? NTCP??????? ROC?????????? NTCP??????
?????????????????? 
 ????????????????????????????????
??ROC?????????????Ture Positive Rate?TPR???????False 
Positive Rate?FPR???????????????????TPR?FPR???
???ROC?????????????[44, 45]? ROC??????????
?????????????????????????????ROC????
??????????????????????????????????
???????????????????????????????????
ROC?????????????????????????????????
???????????????????????????????????? 
 ?????????????????????????????????
??????????? i??????
???? ? ????? 
???????????????????????????????????
???????????????????????????p??????n??
??????? 4??????????????? p???????? p??
?????????TP???????????? n??????????FP??
????????????TN??????????????? n ?????
????FN???????? n????? p???? 
 ?????????????? NTCP????????????????
?
? ?1,0?
???????????
TCP NTCP T
NTCPT
?????
N i i NTCP
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?????????? 
 ? iNTCP ??????????????????\ NTCPT ????????????
???#?????????$????????????TN??????????#???
? ?$? ??
??????#????????$????????????TP???????
? #?????????
? ?? ? ???FN?? 
 ? iNTCP > NTCPT ??????????????????????????
? ? $???????FP?? 
 ????? ROC????????????TPR???????FPR??TPR
??????????????????????????????????
????? FPR?????????????????????? 
 ???? TPR?????? ? ?FNTPTPPTPTPR ??? // ????? FPR?
??????? ? ?TNFPFPNFPFPR ???
 ROC??? ??
? 
FPR? TPR??? x? y? ?????????????
?????????????? TPR??????????? FPR?????1-
? 100%????????????0,1???
 
 ?????????????????????????????????
???????????????????????????? NTCP??EUD
??????? ROC????????#???? 1-???$?????????
?? ROC?????????? 
 ???????????????????? ROC ?????(0,1)???
???? 100%?????????
???????????????????????????????????
??????????????? ROC?????????????????
?????????????,??????????????????? 
 ?????????? NTCP ?????? ROC ???????????
???????????????????????????????????
???????????????????????????????????
?????????????????? 
 ?????? ROC?????????????????????? NTCP
???????? 
2.5.7 ?????????
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??? ?????????????????????? 
???????? NTCP? EUD?????????????????????
?????????????????????????????T???Gleason
?????prospective study?
?
????????????????????????????????
???????????????????????????????????
???????????????????????????????????
iate regression analysis?????????????????????
???????????????????????????????????
 ?? 437??????????????????? 78Gy?70~80Gy???
????? 2.0Gy/???????? 67??45~78????? NTCP?????
??? PSA ?????????3D-CRT?IMRT?IGRT???????????
????-??????? EUD??????????????univariate analysis??
????????????????????? 
 ?????????????????????????????????
?? 
 ????????????????????
? ??????retrospective study???????????????????
???
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????? NTCP ???????????????
?? 
 ????????????????????????????????
????????????????p?0.05???????????????
?multivar
????? 
2.5.8????""????? 
2.5.8.1??????????????? 
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?????????? 
??????????????-?????????????? DVH????
??????????????????????????????anticoagulant 
?15%? 6%??????????
? 2.3 ? 2??3??4?? 5????????????????????? ?????????????????
therapy?????????????? 30%
?? D*amico classification???good?7%??medium?65%?? bad?28%??42%
???????????? 
 437 ???????????? 60 ???6~154 ??????????? 2
??3??4?? 5?????????????? LENT/SOMA??????
?????????????????? 2.3???????????????
????? 
????? 421?????? 53??????? 
 
???? ??????LENT/SOMA?????? ???? 
2? 13% (53/421) 
?
 18% (77/421) 
3? 19% (65/341) 25% (85/341) 
4? 28% (85/306) 22% (67/306) 
5? 23% (58/ 257) 3 ) 0% (76/257
 ???? ?????? CP ?????????????
?????? T?V70-74??? LENT/SOMA ????
?????p ?,???????????????? ????
V70~V74???????? 5???????????? LENT/SOMA????
?????????????????????Grade0 ???
?
? EUD ? NT??
IMR ????? ?????
?0.05 p?0.01?
-1?????
? Grade2?????? 2.4?? 
? 2.4 ?????????±????? 5?????????????? LENT/SOMA??????  ?p?? binary 
logistic regression test?? 
??????? Grade 0-1 ?Grade 2 p? 
???? 73.96±4.89 77.14±4.55 0.001
V  11.38±10.28 16.04±8.90 0.00170
V71 8.44±10.47 13.51±9.32 0.001
V72 7.40±9.75 11.74±8.59 0.001
V73 ±7.65 0.0106.45±8.85 9.51
V74 4.98±7.36 7.18±6.68 0.028
 ?? 5??? ??? ? ???????
?? LENT/SOMA ?????? - V69? 
???? ????? ???????
?????? V70 74??????????
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??? ?????????????????????? 
2.5.8.2 NTCP?? ?????
 ??????????? NTC ? ???????
2 ??3 ??4 ??5 ????????????????""?
?????""??? LKB?Logit-EUD?Poisson-EUD?
Källm ss? Parallel?? NTCP?????? EUD???? ?
????? p?????????
m/k/? NTCP?? 
(%) 
?? 
p value^ 
???? 
P??? ????????
??
??????
??? LENT/SOMA
an?Schulthei ?? <n!
????????????????????
???????????????? C? 
 ???? 5???????????????LENT/SOMA???????
???????????? 2.5?? 2.6 
? 2.5 ?? 5?????????????? LENT/SOMA?????? NTCP???? 
NTCP?? TD50 (Gy) n/s 
???? 
LKB[2, 26] 78.06 (75.95,80.15)` n=0.02(0.01,0.04) m=0.14(0.11,0.18) 22.54±7.45? 0.007 
Logit-EUD[27] 77.99 (75.97,80.19) n=0.02(0.01,0.04) k=11.00(8.48,13.71) 22.58±7.43 0.007 
Poisson-EU [28] 79. 1 (77.01,81.22) n=0.02(0.01,0.03) 1.95,2.88) 22. 62 0.006 D 1  ?=2.42( 54±7.
Källman[28] 76.48 (74.60,78.33) s=5.33(3.07,11.39) ?=3.23(2.22,4.24) 22.61±8.24 0.005 
Schultheiss[27] 69.14 6) ---- k=17.5 9.81) 0.019  (67.55,70.7 6(3.99,2 22.36±9.23 
Parallel 14] NS{ NS [12- NS 
EUD[10] n=0.02    ?? EUD= ?69.46±2.82Gy  --- 0.006 
? 2.6 ?? 5??? ?
NTCP TD n/s 
(%) 
 
p value^ 
???????? ???? NTCP???? 
50 (Gy) m/k/? 
NTCP 
?? 
? ? ?
????? 
LKB
[
73.64(71.98,75.41)  n=0.03(0.02,0.05) m=0.13(0.10,0.18) 29.51±9.24 0.002 
2, 26] `
 
Logit-EUD
]
 73.46(71.80  k=11.79(8.46,15.37) 29.56±9.33 
[27
,75.22) n=0.03(0.02,0.05) 0.002 
Poisson-EUD
[28]
 74.76(73.04,76.49) n=0.02 (0.01,0.04) ?=2.72 (2 .38) 0.002 .05,3 29.57±9.49 
Källman
[28]
 77.39(75.88,77.46) s=21.19(7.57,21.32) ?=2.72(2.08,2.75) 29.78±9.70 0.001 
Schultheiss
[27]
 ,68.76) ---- 0(9.80,28.80) 1.27 67.37(65.98 k=19.9 29.30±1 0.002 
Parallel
[12-1 ]
 NS  NS 
4 { NS 
EUD
[10]
 n=0.03    ?? EUD=68.34±2.75Gy 
? --- 0.002 
`???? 95%??? { ? ?
C ? ?
? ? ? ?
2.5 ? 2.6?#NTCP??$???? NTCP??????????
??? ? 1???????? 0?????
??
^
?????????????±???? NS?Not significant?? ?????? ?? 
 ?????????? 5???????????? NT P??? ??
???? NTCP?? EUD?? ?????? NTCP??????? ?
????? ?
??? ?????????????
???? p???? 2.5?? 2.6?#??????$?? 
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?????????? 
 ????????????? LENT/SOMA???????5??????
???????????? 22.57%?58 ??????/??? 257 ??????
??????5 ?????????????????? 29.57%?76 ????
??/??? 257????? 2.5?? 2.6???????????? NTCP??
?????????? NTCP ???????????? NTCP ??????
?
?
???????????????????????????
ara
? ?????????????????????????????????
????????? NTCP ????? ????????????????
?p?0.05?? 
 ?????????????????LENT/SOMA??????????
?????????????Parallel ??????????????????
???????????????????????????????????
??????????????????????????????? Parallel
???????
P llel???????????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????? 2.3?? 
 
(a) 
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??? ?????????????????????? 
 
(b) 
 
(c) 
?2.3 LKB?????????????LENT/SOMA?????????????????????????????
????`?????????????????????????????????????????? 
???LKB????????5??????????????LENT/SOMA?
??????????????TD50(1)?n?m????profile????????
???????????????????????????????????
?????`?????????????????????????????
???????????????????????????????????
???????? 
 ????????????????????????????????
???????????????????????????????????
????????????????????????????Källman???
?5????????????LENT/SOMA??????LKB????5??
??????????????????????????????????
NTCP?????????????????7?,??????NTCP?????
???????????????????????????????????
?????NTCP???????????????????????????
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?????????? 
????????????2.4?? 
 
(a) 
 
(b) 
?2.4 ?5????????257????7?????????NTCP??????????????????????
????????????????????????NTCP????????a????????????LENT/SOMA
????????b?????????????? 
?? 2.4????? 5????????????????? LENT/SOMA??
?????? a?????? Källman???? TD50=76.48Gy?s=5.33??=3.23?
?? 5????????????????????? b?????? LKB??
?? TD50=73.64Gy?n=0.03?m=0.13???????????????????
?????????????????????? 45 ???????????
?????????????????????????????? 
 ???????????????? EUD ? NTCP ??????????
2.5?? 
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??? ?????????????????????? 
 
(a) 
 
(b) 
 
(c) 
? 2.5 Poisson-EUD????? EUD? NTCP??????a????????? LENT/SOMA???????????
????????? NTCP? EUD??????b???c????????? NTCP-EUD????????????
?????????????????????? 95%???? 
????? 5???????????????LENT/SOMA????????
??????????????????????????????EUD?
NTCP????????????????LENT/SOMA??????????
Poisson-EUD????TD50(1)=79.11Gy?n=0.02 ??=2.42??????????
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?????????? 
???Poisson-EUD????TD50(1)=74.76Gy?n=0.02 ??=2.72??? 2.5?a?
???????????EUD?NTCP??<S!???????EUD???? 60Gy
???????????????????????????????????
????????LENT/SOMA?????????????????????
???????????????????LENT/SOMA??????????
???????????????????????????Emami
[3]
????
?????????????? 5%? 50%????????????? 2.5?a?
???????????LENT/SOMA????????? 5%? 50%????
?EUD???? 62Gy? 79Gy?????????????? 5%? 50%???
??EUD???? 60Gy? 75Gy??Emami??? 60Gy? 80Gy????????
?????????? 2.5?b???c???a???????????????
????TD50(1)? 95%???????b???c??????????????
????????????EUD????<n!????????EUD?????
?????????????????EUD????????????????
?????????????????EUD????????????????
?? 95%???????????????????????????????
????????????? 
 ???????????? 5 ???????????? 2 ??3 ??4 ?
? 5?????????????????????????????????
???????????????????????????????????
?? NTCP ??????????????????????? 2 ??3 ??4
?? 5????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????? 2?????????????
???????????????????????????????????
LKB?Logit-EUD?Poisson-EUD?Källman ? EUD ???????? 3 ??4
??5 ???????????????????????????????
Källman?????<s!????? NTCP??? EUD?????<n!?????
?????????????????? 2.6?? 
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??? ?????????????????????? 
 
(a) 
 
(b) 
 
(c) 
? 2.6 LKB?Logit-EUD?Poisson-EUD?Källman? EUD??????a?TD50??b?n/s??c?m/k/?? 3??4??5
????????????????? LENT/SOMA?????????????? 
 ???? EUD ???????<n!?????????????????
EUD ?? TEUD??????????? LENT/SOMA ??????? TEUD?
? 70.00Gy?p?0.01????????????? TEUD?? 71.50Gy?p?0.01??
? 2.7????????????????????????????????
????????????? Kaplan-Meier??? 
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?????????? 
 
                    ?a?                              ?b? 
? 2.7 ?????????? LENT/SOMA??????a?????b?????????????? TEUD???a?
70.00Gy??b?71.50Gy????????????????????????????????? Kaplan-Meier?? 
2.5.8.3???????? 
 ??? 2.5 ?? 2.6 ?????????????????? LKB?
Logit-EUD?Schultheiss?Poisson-EUD?Källman ?? NTCP ????????
? NTCP???????????????????????????????
?????????????p???????? Parallel???????? NTCP
????????????? 2.5.6??????????????? NTCP?
????? ROC??????? 2.8?? 
 
? 2.8 LKB?Logit-EUD?Schultheiss?Poisson-EUD? Källman??? 5??????????????? LENT/SOMA
??????? Receiver Operating Characteristic?ROC??? ` ?????????????????????? 
?????LKB?Logit-EUD?Poisson-EUD?Källman? Schultheiss?????
ROC???????????????? 0.621?0.622?0.620?0.627? 0.627?
????????LKB?Logit-EUD?Poisson-EUD?Källman? Schultheiss??
??????????? LENT/SOMA ?????????????????
Parallel ???????????????????????????????
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??? ?????????????????????? 
??? LENT/SOMA ?????????????????????????
???????????????????? 
2.5.8.4?????? 
 ?????????? LENT/SOMA?????????????????
??????????????????????????????????IMRT?
V69-V74?NTCP? EUD?????????????????????????
???????????????????????????????????
???????????p\0.05?????????????????????
???????????????????????????????????
NTCP ????EUD ???? V72????NTCP ????????? LKB?
Logit-EUD?Schultheiss?Poisson-EUD? Källman?????????????
?????????????? NTCP ????????? NTCP ?????
??????????? Kaplan-Meier ?????????????????
V72?9%????????????????????? LENT/SOMA????
??p\0.05?????????p?0.01?? 
2.5.9????""????? 
2.5.9.1??????????????? 
 ?? 434??????????????????? 78Gy?70~80Gy???
????? 2.0Gy/???????? 67??45~78????? NTCP?????
??????????????-?????????????? DVH????
??????????????????????????????anticoagulant 
therapy?????????????? 30%?15%? 6%??????????
?? D*amico classification???good?7%??medium?65%?? bad?28%??42%
???????????? 
 434 ???????????? 60 ???6~154 ??????????? 2
??3??4?? 5?????????????? LENT/SOMA??????
?????????????? 2.7???????????????????? 
? 2.7 ? 2??3??4?? 5????????????????????? ` ????????????????
????? 396?????? 50??????? 
???? ??????LENT/SOMA?????? ???? 
2? 13% (50/396)` 5% (21/396) 
3? 14% (50/345) 8% (26/345) 
4? 15% (46/302) 9% (28/302) 
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?????????? 
5? 17% (41/ 242) 11% (27/242) 
 ????????????? EUD ? NTCP ?????????????
??????IMRT?????-?????????????? LENT/SOMA?
????????????????????p?0.05????????????
??????p?0.01??????? -???????????????
LENT/SOMA????????? V3-7? V34-80????????????? V34
? V40-81???? V3-7? V34-80???????? 5 ????????????
LENT/SOMA?????????????????????????Grade0-1?
?????????Grade2?????? 2.8?? 
? 2.8 ?????????±????? 5?????????????? LENT/SOMA??????  
`p?? binary logistic regression test?? 
??????? Grade 0-1 ?Grade 2 p` 
???? 74.09±4.93Gy 77.54±4.23Gy ?0.001 
???? 74.96±4.70Gy 78.38±4.04Gy ?0.001  
V3-7 92.79±1.73% 95.81±1.49% ?0.05  
V34-68 44.16±9.95 48.61±9.75 ?0.05  
V69-78 11.90±5.46 19.89±5.88 ?0.001  
V79,80 2.01±1.07 5.96±2.00 ?0.05 
2.5.9.2 NTCP????????????? 
 ??????????? NTCP???????????????????
?????? 2 ??3 ??4 ??5 ????????????????""?
??? LENT/SOMA ?????""??? LKB?Logit-EUD?Schultheiss?
Poisson-EUD?Källman? Parallel??NTCP???????? EUD????<n!?
????????????????????????? p?????????
???????????????? D? 
 ???? 5???????????????LENT/SOMA???????
???????????? 2.9?? 2.10 
? 2.9 ?? 5?????????????? LENT/SOMA?????? NTCP???? 
NTCP 
TD50 (Gy) n/s m/k/? NTCP?? ?? 
(%) 
????
?? 
p value^ 
LKB
[2, 26]
 78.68 (5.09)
` n=0.09 (0.06) m=0.17 (0.05) 16.96±8.19? ?0.001
Logit-EUD
[27]
 78.65 (5.18) n=0.09 (0.06) k=9.21 (3.05) 16.94±8.32 ?0.001
Poisson-EUD
[28]
 81.38 (5.98) n=0.09 (0.06) ?=1.82 (0.49) 16.95±7.72 ?0.001
Källman
[28]
 77.14 (5.40) s=1.50 (0.99) ?=2.54 (0.91) 16.98±8.25 ?0.001
Schultheiss
[27]
 74.56 (1.67) ---- k=11.14 (3.83) 16.91±9.22 ?0.001
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??? ?????????????????????? 
Parallel
[12-14]
 v50=0.01(0.06) ?=0.05 (0.16) d1/2=99.30 (45.85) k=8.76(3.77) 16.83±9.39 ?0.001
EUD
[10]
 n=0.09    ?? EUD=65.29±4.41Gy 
§ --- ?0.001
? 2.10 ?? 5???????????????? NTCP???? 
NTCP?? TD50 (Gy) n/s 
NTCP 
m/k/? ?? 
(%) 
??????
p value^ 
LKB
[2, 26]
 85.31 (14.15)
` n=0.36 (0.59) m=0.30 (0.19) 11.16±4.88 0.009 
Logit-EUD
[27]
 90.37 (33.93) n=0.37 (0.85) k=4.00 (5.64) 11.16±4.84 0.010 
Poisson-EUD
[28]
 95.27 (23.88) n=0.51 (0.90) ?=0.91 (0.51) 11.16±4.72 0.013 
Källman
[28]
 96.88 (26.78) s=0.45 (0.99) ?=0.87 (0.41) 11.15±4.69 0.015 
Schultheiss
[27]
 86.67 (15.58) ---- k=5.47 (4.31) 11.17±4.56 0.007 
Parallel
[12-14]
 v50=0.05(0.89) ?=0.03 (0.59) d1/2=160.67 (70.59) k=3.91(2.69) 11.18±5.62 0.005 
EUD
[10]
 n=0.25    ?? EUD=56.52±5.92Gy 
§ --- 0.017 
`???? 95%????standard error??^?????????????±??? 
 ?????????? 5???????????? NTCP???????
?????????? NTCP?? EUD?????????? NTCP????
????? 2.9?? 2.10?#NTCP??$???? NTCP??????????
???????????????????? 1???????? 0?????
???? p???? 2.9?? 2.10?#??????$?? 
 ????????????? LENT/SOMA???????5??????
???????????? 16.94%?41 ??????/??? 242 ??????
??????5 ?????????????????? 11.16%?27 ????
??/??? 242????? 2.9?? 2.10???????????? NTCP??
?????????? NTCP ???????????? NTCP ??????
???????????????????????????????????
????????? NTCP ??????????????????????
?p?0.05?? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????? 2.9?? 
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?????????? 
 
(a) 
 
(b) 
 
(c) 
?2.9 LKB?????????????LENT/SOMA?????????????????????????????
????`?????????????????????????????????????????? 
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??? ?????????????????????? 
 ???LKB????????5??????????????LENT/SOMA
???????????????TD50(1)?n?m????profile???????
???????????????????????????????????
??????`????????????????????????????
???????????????????????????????????
????????? 
 ?????????????????????????????????
???????????????????????????????????
????????????????????????????Källman???
?5????????????LENT/SOMA??????LKB????5??
??????????????????????????????????
NTCP?????????????????7?,??????NTCP?????
???????????????????????????????????
?????NTCP???????????????????????????
????????????2.10?? 
 
(a) 
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?????????? 
(b) 
?2.10 ?5????????242????7?????????NTCP???????????????????????
??????????????????????NTCP????????a????????????LENT/SOMA??
??????b?????????????? 
?? 2.10????? 5????????????????? LENT/SOMA?
??????? a?????? Källman???? TD50=77.14Gy?s=1.50??=2.54?
?? 5 ????????????????????? b?????? Källman
???? TD50=96.88Gy?s=0.45??=0.87?????????????????
???????????????????????? 45°?????????
??????????????????????????????? 
 ???????????????? EUD ? NTCP ??????????
2.11?? 
 
(a) 
 
(b) 
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??? ?????????????????????? 
 
(c) 
? 2.11 Poisson-EUD????? EUD? NTCP??????a????????? LENT/SOMA??????????
?????????? NTCP? EUD??????b???c????????? NTCP-EUD???????????
??????????????????????? 95%???? 
????? 5 ??????????????? LENT/SOMA ???????
??????????????????????????????? EUD?
NTCP???????????????? LENT/SOMA??????????
Poisson-EUD ???? TD50(1)=81.38Gy?n=0.09 ? ?=1.82?????????
???? Poisson-EUD???? TD50(1)=95.27Gy?n=0.51? ?=0.91??? 2.11
?a??????????????????? EUD???? 70Gy?????
??????????????????? LENT/SOMA ?????????
??????????????? 5%? 50%????????????? 2.5
?a???????????? LENT/SOMA ????????? 5%? 50%?
???? EUD???? 57Gy? 81Gy?????????????? 5%? 50%
????? EUD???? 43Gy? 90Gy?? 2.11?b???c???a?????
???????????????? TD50(1)? 95%???????b???c?
???????????????????????? EUD????<n!???
????? EUD ?????????????????????? EUD ??
??????????????????????????????? EUD?
????????????????? 95%????????????????
???????????????????????????? 
 ????????????? LKB?Logit-EUD?Poisson-EUD?Källman?
EUD???????? 2??3??4??5???????????????
LENT/SOMA ????????????????????????????
?????Källman?????<s!????? NTCP??? EUD?????<n!
????????????????????????? 2.12?? 
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?????????? 
 
(a) 
 
(b) 
 
(c) 
? 2.12 LKB?Logit-EUD?Poisson-EUD?Källman? EUD??????a?TD50??b?n/s??c?m/k/?? 2??3??4
??5????????????????? LENT/SOMA?????????????? 
 ???? EUD ???????<n!?????????????????
EUD?? TEUD??????????? LENT/SOMA??????TEUD ?
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??? ?????????????????????? 
? 54.00Gy?p?0.01????????????TEUD?? 60.00Gy?p?0.01??
? 2.13???????? EUD?????????????????????
????????????????? Kaplan-Meier??? 
 
                     ?a?                                ?b? 
? 2.13?????????? LENT/SOMA??????a?????b?????????????? EUD???a?
54.00Gy??b?60.00Gy????????????????????????????????? Kaplan-Meier?? 
2.5.9.3???????? 
 ??? 2.9 ?? 2.10 ?????????????????? LKB?
Logit-EUD?Schultheiss?Poisson-EUD?Källman? Parallel?? NTCP????
????? NTCP???????????????????????????
?????????????????p????????? NTCP?????
???????? 2.5.6??????????????? NTCP??????
ROC??????? 2.14?? 
 
? 2.14 LKB?Logit-EUD?Schultheiss?Poisson-EUD?Källman? Parallel??? 5????????????????
LENT/SOMA?????? Receiver Operating Characteristic?ROC??? `??????????????? 
 ?????LKB?Logit-EUD?Schultheiss?Poisson-EUD?Källman? Parallel
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?????????? 
????? ROC???????????????? 0.7197?0.7198?0.7178?
0.7188?0.7204 ? 0.7196?????????LKB?Logit-EUD?Schultheiss?
Poisson-EUD?Källman? Parallel????????????? LENT/SOMA?
???????????????????????????????????
??????????????????? 
2.5.9.4?????? 
 ?????????? LENT/SOMA?????????????????
???????????????????????????????????
?Dmax??IMRT?V3-V7?V34-V81????????????? NTCP? EUD
???????????????????????????????????
???????????NTCP?? EUD?????????????????
?Dmax?? IMRT????????????-????????????-??
????????????? 
2.5.10 ?? 
2.5.10.1??????????????? 
 ?????????????????????????????NTCP?
???????????????????????????????????
????????????????????????NTCP ? EUD ????
???????????????????????????????????
????????-???????????????????????????
?????????????? 
 ?Burman [1]? 1991?????????NTCP????????????
????????????????????????????????NTCP
?????????????????????????????????NTCP
???????????????????????????????????
??????????????????NTCP??????????????
???????????????????????????????????
???????????????NTCP?????????????????
??????????????? 5 ???????????????
LENT/SOMA?????????????????????????????
?????LKB?????Burman[1]?Rancati[29]?Peeters[31]?Soehn[34]?
Tucker[46]?????????????????NTCP?????NTCP???
????????????????????????univariate analysis???
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??? ?????????????????????? 
?????????????????????????? 2.11??? 
? 2.11 ?????????????????????????? 
 ?????LKB??? ????%??? NTCP±???? ????p??
?? TD=78.06?n=0.02?m=0.14 22.54±7.45 0.007 
Burman
[1]
 TD=80.00?n=0.12?m=0.15 6.29±2.95 0.050 
Rancati
[29]
 TD=81.90?n=0.24?m=0.19 5.12±2.39 0.091 
Peeters
[31]
 TD=80.70?n=0.13?m=0.14 4.19±2.34 0.070 
Soehn
[34]
 TD=78.40?n=0.08?m=0.11 5.31±3.32 0.040 
Tucker
[46]
 TD=78.00?n=0.08?m=0.14 10.36±4.33 0.022 
 ?????????????????? LENT/SOMA?????????
????? 257?????? 58???????????????? 22.57%?
?? 2.11 ?????????????????????????????
NTCP????????? 22.54%????????????????????
?????? NTCP ???????????????p=0.007???????
? NTCP ??????????????????????Burman?Soehn ?
Tucker???????????? NTCP?????????????????
????????????????? 6.29%?5.31%? 10.36%???????
?????? 22.57%???????????????????? 
 ????? NTCP?????????????????????????
? NTCP????????????????? 5?????????????????
LENT/SOMA????????????? LKB????? TD=78.06?n=0.02?m=0.14?
????????????????????????????????????? NTCP
????????????? 2.15??? 
 
(a) 
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?????????? 
 
(b) 
 
(c) 
? 2.15 ???? 5?????????????? LENT/SOMA?????? LKB???????NTCP????? 
??`???????????????????????????????????????? 
? 2.15?????????? TD50(1)?n? m??????? 5??????
???????? LENT/SOMA?????????????????? NTCP
?????????`?????????????????????????
???????????????????? TD50(1)?n ? m ???????
????????????? NTCP ?????????????<n!????
????? n??? 0.01???? NTCP???? 1.3%???<TD50(1)!???
????????? 1Gy???? NTCP???? 1.5%? 
 ???????????? NTCP??????????????????
????????????? NTCP???????????????????
???????????????????????????????????
???????????????? 
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??? ?????????????????????? 
2.5.10.2??????????? 
 ?????????????????????????????????
???????????????M.D. Anderson????? 2 ???????
??????????????
[47]
??????????????????-?
???????????????????????????????????
??-???????????????Harsolia?
[48]
????????????
?????Harsolia??????????????????????????
???????????????????????????????????
??? 
 ?????????????????????????????????
????? 2.5.3.2 ??????????????????????????
???? DVH?????????????-???????????????
??????????????????????????????????TPS?
???????? TPS ????????????????????????
???????????????????????????? DVH????
??????????????????????? DVH??? 
2.5.10.3???????????? 
 ????? 1.2.2????? LENT/SOMA?RTOG/EORTC?CTCAE???
????????????????????????????????????
??????????????????????????????
RTOG/EORTC?????????????????? 
 Fiorino?
[49]
????????????????????????????
?NTCP??????????????????<n!????????????
??? 0.06? 0.13??
[29-31, 34]
? 
 Sohn
[
?
?
34]
?????????????????????Common 
Terminology Criteria for Adverse Events (CTCAE) 3.0???????Rancati?
[29]
????????RTOG??
[50]
??????LENT/SOMA ?? #??
subjective$????????????????????Tucker?
[30]
?Fox Chase
????
[51]
???????RTOG??????????????Late Effects 
Normal Tissue Task Force 
[52]
?Petters?
[31]
?RTOG?????????????
????? 3?????????????????????????????? 
 ????????????????????????????????
???????????????????????????<n!? 0.06 ???
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?????????? 
???????????????????? LENT/SOMA ????????
???????????????????????????????????
???????????????????????????????????
?????????????????? 
 ?????????????????????????????????
??? Centre Eugène-Marquis????? 188???????????? 2??
?????????????????? RTOG/EORTC? LENT/SOMA???
???????????????????????????????? LKB
????????????RTOG/EORTC????????<n!?????? 0.19?
??? LENT/SOMA????????<n!???????? 0.018??????
????????? RTOG/EORTC ?? LENT/SOMA ??188 ????? 16
????8.5%????????????????? 11??????????
??#????????????$??#???????????$?0?1??5
????????????#???????????$??#????????
????$?1?0????????????????????????????
????????????????????????? 
 Hoeller?
[53]
???RTOG/EORTC?LENT/SOMA???????????
???????????????????????????????????
?????????????RTOG/EORTC?????LENT/SOMA?????
??????????????RTOG/EORTC????????Anacak?
[54]
?
??RTOG/EORTC?LENT/SOMA???????????????????
??????????????????LENT/SOMA???????????
???????????future step????????????????????
???? 
2.5.10.4???????????? 
 ?????????????????????????????????
?????????????????????-?????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
3??????????????????????????????????
???????? 3??????? 5??????????????????
???????????????????????????????????
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??? ?????????????????????? 
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????
[55]
???????????
???????????????????????????????????
???????????????????????????????????
?????????? 
 ?????????????????????? NTCP????????
??????????????????????????????????
???????????????????????????????????
????????? 5?????????????? 2??3??4?? 5?
???????????????????????????????????
???????????????? 
 ??????? NTCP????LKB?Logit-EUD?Poisson-EUD? EUD?
????????????????????????? EUD ???? DVH
???????????????????????????????????
??? 
 ????? 2.6?? 2.12??????????????????????
???????? LKB?Logit-EUD?Poisson-EUD? EUD????? TD50(1)?
???????n/s???????m/k/???????????? 2.6?a??? 2.12
?a?????? TD50(1)????????????????????????
???????????????????????????????????
?????????????????????? 
 Tucker?
[55]
????????Lyman???mixture Lyman model?????
LKB??????????????????????????????????
??????????????????????????Tucker?lognormal
?????????????????????????? 
? ? ? ? 22 2ln
2
1 ??????? ???? ef                        ?2.25? 
???? i??????????? ? ?????????????????? ??fNTCPi ? ?????????????? ? ??????????????
???? ? ??FNTCPi ??1 ??? ? ??F ?? ? ??f ??????????? the 
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?????????? 
cumulative distribution function?? 
2.5.10.5?????-???? 
 ?????????????????-????????????????
?????????????bleeding???????????????????
????????????????????-????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???#????$??????????????????????????
????????????IMRT????????????-????????
???????????????????????
[24, 56-58]
?????????
??????????????????-????????????????
????????????5-10%?
[31, 59-63]
????????????????
???????????? 70Gy? 80Gy????????????????
?65-78Gy????????????40-60Gy?????V70?25%?V75?5%??
?????????????????????
[31, 34, 60-62, 64-67]
????????
?????????????????-???????? 2.12? 
? 2.12 ??????????????????????-?????? 
?? ??
?? 
???? ??-?????? ?? 
Jackson
[59]
 171 70.2? 75.6 Gy RTOG Grade?2? 
V40 \ 60% 
V77\14% (??????
75.6Gy???) 
 
Fiorino
[60]
 229 70+76 Gy ? ? ? ? RTOG 
Grade?2? 
V50 \ 60% 
V60 \ 50% 
??????????????
???? 100cc?? 
Fiorino
[61]
 245 70+78 Gy ? ? ? ? RTOG 
Grade?2? 
V50 \ 60% 
V60 \ 45% 
V70? Grade3????????
????? 
Vargas
[62]
 331 70.2+79.2 Gy CTCAE v2.0 Grade?2? 
V70 \ 25% 
????????V50 ????
???????????????
Peeters
[31]
 641 68? 78 Gy ????????/???
V65 \ 30% 
V55+V65???? V65?????
????????/???? 
Fiorino
[64]
 506 70+78 Gy LENT/SOMA Grade?2? 
V50 \ 55% 
??????????????/
???????????? V70
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??? ?????????????????????? 
V60 \ 40% 
V70 \ 25% 
V75 \ 5% 
?15%?V75? Grade3 ????
??????? 
Fellin
[63]
 718 70+80 Gy LENT/SOMA Grade?2? 
V75 \ 5% 
??????????????/
???????????? V70
?15%????? Grade3???
?????? 
 ???????-??????????????????????????
??????????????????? 40-50Gy???????????
????????????????? 70Gy???????????????
[59, 60, 68-70]
???????????????????????????????
?????????? 
 ???????????????????-??????????????
???????????????????????????????????
????????????????????????V69-V74????????
?????????????????-?????? V72??????????
??????????????????????????? NTCP??????
??????<n!?????? 0?????????????????????
??????????????????? 
2.5.10.6?????-???? 
 ???????????????????????????-??????
???????????????????????????????????
????????????? 
 ?????????????????????????????????
??????Cheung?
[71]
?????????????????? 78-80Gy??
???????-???????????????????????????
???
[57, 58, 72-76]
??????????????????????#?$????
???????????????????????????????????
???????????????????????????????????
???????????????????????????? 
 ??????????????????????????????Marks
?
[77]
???????????????? 30-50Gy?????????????
??? 60-65Gy????????????????????????????
???? 50-60Gy???????????????????????????
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?????????? 
??????????????????????????????Harsolia?
[48]
???????????????????????????-???????
????V10~V82???-????????????????????????
???V3-7?V34-80 ?????????-?????????????????
???????????-???????????????????????
?????????????????????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????Harsolia?
[48]
??????????
?????????? 78-80Gy?????????????????????
????????????-?????V10-82?? 
 ?????????Emami
[
?
? 5
3]
????????????-??????
65Gy ????? 5%?80Gy?????? 0%??????????
QUANTEC
[78]
????????????????????????????
???-?????V65?50%?V70?35%?V75?25%?V80?15%? 
 ?????????????????????????????????
??????????????????????????? 2.16?a?
[79]
???
??????????????????????????PTV?????GTV
???????????????????????????????PTV?
???? 2.16?b????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????? 
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??? ?????????????????????? 
                            ?a?                                        ?b? 
? 2.16 ???????? CT???? 
 ??????????NTCP?????????????????Burman
?
[1]
? 991??????????NTCP??????????TD=80Gy?n=0.5?
m=0.11??????????????NTCP???????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????
[
1
48, 49, 80-82]
? 
2.5.10.7??????????????? 
 ??????????????????????????????-???
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????? 2~5??????????????????
???????????????????????????????????
?????????????????????????? 
 ???? SPSS???v16.0???????????????Bivariate???
???????????????????????????????????
???????????????????????????????????
???????????????????? r ????r ??????-1 ? 1
??????????? 0????????????????????????
?????????????? 1???????????????? 0???
???????????????????????????????????
-1???????????????????????????????test of 
significance???? p??????? p?0.05??????????????
?? 2.13??? 
? 2.13 ????????????????????????? 
 ????? 
 ?Grade2 bleeding 
???? ????? ???? ????? ????
2? 0.073 0.147 0.029 0.568 
3? 0.200 ?0.001 0.046  0.397 
4? 0.217 ?0.001 0.104 0.072 
5? 0.228 ?0.001 0.179 0.005 
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?????????? 
?? 2.13???? 2?????????????????? LENT/SOMA?
???????????????????????? 3??4??5????
?????????????? LENT/SOMA ??????????????
??????????????? 3?? 4????????????????
?????????????????????????? 5????????
???????????????????????????? 
 ?????????????????????????????????
?????????????????? 3????????????????
?LENT/SOMA????????????????????????????
???????????????????????????????????
????????????????2 ? 394 ??3 ? 337 ??4 ? 301 ??5
? 242????????????????????????????????
???????????????????????????????????
????????????
[83]
?????????????????????
??????????????????????????????????
?? 
2.5.10.8 Parallel??????? 
 ??????????????????????????????parallel 
functional subunit?FSU????????????????FSU???????
??????functional reserve distribution??????????????????
?????????????????????????????????
[15]
?
Jackson??
[15]
????????FSU??????????????????
FSU????????Parallel??????????????????????
?????????????FSU??????????????Parallel???
???????????????????????????????????
????????????????????
[29]
?<n=0.24!?????????
????????????????????????????Parallel????
????????? 
 ??????????????????????????? NTCP ??
Parallel???????????????????????????????-
?????????Parallel ??????????????????????
???????? 
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??? ?????????????????????? 
2.5.10.9 EUD??????? 
 EUD LKB?Logit-EUD?
Poisson-EUD????????????????????<n!????????
????????????DVH????????????????????
??????????????? 2.5?? 2.9??????????????
LKB?Logit-EUD?Poisson-EUD?EUD???????<n!??EUD?????
???????????????????????????????????
??????????????? 2.5?? 2.11???????EUD?????
????????????<S!????????????????IMRT???
???????EUD??????????????????????????
????????????????EUD????<n!???????????
??????????????????????????????????
[
???????????????????
LENT /SOMA ??????
??????????????
???
84-86]
?????????????????????EUD??????????
???IMRT????????????????????????????? 
 ????????????????????
??????????????? EUD ??<n!????? Cox ???? EUD
?? TEUD??????????????????????????????
????????????TEUD??? 70Gy??Grade2?? 71.5Gy?bleeding??
???????????????????????????-?????V70-74
?V69-74?????????????????????TEUD??? 54Gy? 60Gy?
?????????????-?????V3-7?V34-80? V39?V40-81?????
?????? EUD??????????????????????????
??????????? NTCP?????????????????????
?????????????????????<n!??? EUD???????
????????? p?????????? EUD????????????
????????? EUD???????????? Pinnacle TPS?????
??????????? IMRT??????? 
2.5.10.10????????????? 
 ???????????????????
????????????????????????? 70Gy? 80Gy???
?????????????????????? 
 ??????????? 5??????????????????
????????????????? 70Gy?????? 80Gy??????
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?????????? 
????????????Grade2? bleeding????? LKB????????
?????? 2.14??? 
? 2.14 ??????????????????????? 
 ????
?tox ts?
??????? ? ????
???? 
LKB?
icity/patien
70Gy 17/124 T 9D=99.99?n=0.01?m=0.2?Grade2 
TD=67.67?n=1.00?m=0.5780Gy 41/131 
70Gy 24/124 TD=90.39?n=1.00?m=0.56
????? 
Bleeding 
80Gy 51/131 TD=67.15?n=0.17?m=0.40
???????? 257 ? ???? ???
?
???? 
????
?tox ts?
 
??? 124 ?? 70Gy?131 ????
? 80Gy???????#????$??????????? 80Gy??????
??????????????????? 70Gy ???????????#?
??????????????????$????????????????
???LKB?????????#80Gy?????????$?????????
???????????????????????????????????
??????????????????????????????? 70Gy?
124?????? 80Gy? 131?????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????????? NTCP??
????????????????????????? 80Gy???????
???????????????????????????? 
 ??????????????????? 5?????????????
????????????????????????????? Centre 
Eugène-Marquis?CEM???Institut de cancérologie Gustave Roussy?IGR ??
Groupe d*Etude des Tumeurs Uro-Génitales?GETUG????????????
LKB????????????????? 2.15??? 
? 2.15?????????????????????????
?
??? 
???? 
LKB????????
icity/patien
CEM 28/95 T 9 D=87.60?n=1.00?m=0.7
IGR 11/83 TD=66.01?n=0.58?m=0.21 
?Grade2 
G GETU 19/79 TD=77.61?n=0.02?m=0.17 
CEM 36/95 TD=68.31?n=0.12?m=0.24 
IGR 17/83 TD=66.40?n=0.08?m=0.06 
Bleeding 
G GETU 23/79 TD=76.71?n=0.01?m=0.14 
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??? ?????????????????????? 
 ? 2.15?????????????????????????? 100??
?? 2.14 ??????????????????????????????
???????????????????????????????????
??????????? 
 ?? 2.14?????????????????????????????
?????????????????????????????? 2.5.2? 2.5.3
???????????????????????????????????
???????????????????????????????????
????????????? 2.15 ???????????????????
???????????????? 100 ?????????????????
???????????????????????? 2.14?? 2.15????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????? 
2.5.10.11 ???????????? 
 ??? 2.5.10.9 ?????????????????????????
NTCP????????????????#???$????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????? NTCP???????????????
??????? 
 ?????????????????????????????????
????????????5?????????????????LENT/SOMA
?????? 257 ?????????? LKB?Poisson-EUD ? Källman ??
NTCP????????????????????????????? 
 ????? 257???????? 50????????????????? 
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?????????? 
 ??????????????????????????? LKB?
Poisson-EUD? Källman?? NTCP???????????????????
?????? 
 ???????????????? 50 ???????????????
????????? 
 ?????????????????????????????????
?? 5???? 55??60??65?@@255???????????????
??? 
 ???????????????? 50 ???????????????
???????????????????????box-whisker plot?????
???????????????????????????? 
 ??? LKB ???????????????????????????
????????? 2.16??? 
 
(a) 
 
(b) 
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??? ?????????????????????? 
 
(c) 
? 2.16 LKB?????????????????a?TD50(1)??b?n??c?m 
 ????????????????????????????????
???????????? 50??? 50????????????? 50??
???????????????????????????????????
???????????????? 2.17?? 
 
? 2.17 ??????? 
?? 2.16 ??????????????????????????????
??????????????????????????? 150??????
????????????????????? 195????????????
?????? 
 ??????????????? 5 ???????????????
LENT/SOMA????????????? NTCP?????????????
?? 195????????????????????????????????
???????????????????????????????????
???????????????????????????????????
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?????????? 
???????????????????????????? 
 ????????????? 195??????????????????
???????????????????????????????????
???????????????????? 
2.5.11 ?? 
 ?????????????????????????????????
????????????????-?????? 2??3??4??5???
???????????????? LENT/SOMA ????????????
??????? LKB?Logit-EUD?Schultheiss?Poisson-EUD?Källman? Parallel
????? NTCP???????????????????????????
???????????????????????????????? Parallel
???????????????????????????????????
???????????????????????????????????
????????????????????? NTCP???????????
???????????????????????????????????
???????????????????NTCP? EUD???????NTCP
? EUD ?????????? NTCP ? EUD ??????????????
?? IMRT??????????????????????????????
???????????????????????????????????
???????????NTCP?????????????????????
??? 
2.6 ?NTCP????????????????????? 
 ? 2.5???????????? NTCP???????????????
???????????????????????????? NTCP????
???????????????????????????????????
???????????????????????????????????
?????????????? LKB ??????????????????
?????????????? NTCP??????????????????
??????? 
2.6.1???? 
 ?????????acute radiation-induced esophagitis?AE???????
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??? ?????????????????????? 
???????????????????????????????????
??????
[87]
???????????????????????????
??????????????????????????????
[88-90]
????
???????????????????????????????????
?????????????????????? 
2.6.1.1 ???? 
 ????????????????????????????????
???????????????????????????????????
??????????????????????????????????
?concurrent chemo-radiotherapy????????????V55 ????????
????RTOG??????????????
[91]
?QUANTEC
[78]
??????
???????????????-???????V35?50%?V50?40%?V70
?20%????????????????????????????????
??????????????????????????LKB???????
????????????????????????????????? 
2.6.1.2 ?????? 
 ??????? 2002? 1?? 2006? 9???????????????
?????? 157???????????????????????????
??????????? 2.16?? 
? 2.16 ??????????????? 
??? 
?? 
157 (%) 
??  
    ?? 123 (78%) 
    ?? 34 (22%) 
????????? 61??26-78?? 
Karnofsky??????????? 90?60-100? 
???  
    ????? 92 (59%) 
    ?? 60 (38%) 
    ??? 5 (3%) 
??  
    I 17 (11%) 
    II 8 (5%) 
    IIIA 59 (38%) 
    IIIB 55 (35%) 
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?????????? 
    IV 18 (11%) 
2.6.1.3 ???? 
 ??? 157?????34??22%?????????59??37%????
?????sequential chemo-radiotherapy??11??7%?????????concurrent 
chemo-radiotherapy??53??34%????????????????????
???????????????????????????????????
?????????????? Group1 ? Group2??? Group1 ??? 93 ?
?59%?????????????Group2????? 64??41%?????
??????????????????????? 2.17?? 
? 2.17 ???????????????? 
?? ?? ??? 64?%? ???????
25 to 30mg/m
2
 ; day:1 and 8 
75 to 80mg/m
2
 ; day:1 
21 12?19%? 
Vinorelbine } 
cisplatin 25 to 30mg/m
2
 ; day:1 and 8 
25 mg/m
2
 ; day:1,2 and 3 
21 15?23%? 
Gemcitabine } 
cisplatin 
250 to 400mg/m
2
 ; day:1 and 8 
75 mg/m
2
 ; day:1 
21 7?11%? 
Gemcitabine alone 400mg/m
2
 ; day: 1,8 and 15 28 6?9%? 
35 to 40mg/m
2
 ; day: 1 and 8 
75mg/m
2
 ; day: 1,2 and 3 
21 10 (16%) 
Docetaxel } 
cisplatin 75mg/m
2
 ; day: 1 
75mg/m
2
 ; day: 1 
21 4 (6%) 
Docetaxel alone 40mg/m
2
 ; day: 1,8 and 15 28 6 (9%) 
Etoposide } 
cisplatin 
75mg/m
2
 ; day: 1 
100mg/m
2
 ; day1,2 and 3 
21 3 (5%) 
Mitomycin } 
vindesine } 
cisplatin 
8mg/m
2
 ; day: 1 
3mg/m
2
 ; day: 1 and 8 
50mg/m
2
 ; day: 3 and 4 
21 1 (2%) 
 ?????????????????????? CT??????????????
???????????????????????????CT??????? 5mm??
????????????????????? CT ????? Pinnacle
3
 ??????
?Philips Medical Systems???????? 
 ???????GTV?????????????????????????? CT?
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??? ?????????????????????? 
?????????????????PTV???? GTV ???????? 5~15mm??
????? 10~20mm ???????????????? 95%? PTV ????????
?????????????????? 6MV? 15MV? X?????????????
????????????????????? 4~6?????????????36??23%?
??????????active breathing coordinator?ABC????65??41%??????
?????????????????electronic portal imaging device?EPID??????
???EPID????? 18cm×18cm?18MU?22??14%??????????????
???? CT?cone-beam CT?CBCT???????????????????????
???????????? 
 ????????????????? ?129??82%????????????1.8-2.0Gy/
??5?/????? 80??51%???????????49??31%???????????
?? 28??18%???????????late-course hyperfractionation?LHFRT??????
?? 13??8%???????????15??10%?????????????????
??????? 1.8Gy?1.9Gy? 2.0Gy???????? 15??10?? 104?????
????????? 4?????? 20 ????????? 36-40Gy?????????
BID ?????????? 6 ???????? 1.2Gy????????????????
??????? 61Gy??? 40~76.5Gy? 
2.6.1.4 ????-???? 
 ???????CT?????????????????????????????
??????????????? 157 ?????DVH???????????????
?????????????????????????-???linear-quadratic?LQ???
?????????????????????????biologic effective dose?BED?
[92, 93]
?
??????BED? 73.5Gy?????? 45.7? 89.3Gy? 
2.6.1.5?????????? 
 ??????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????Radiation 
Therapy Oncology Group?RTOG??????????????????????????
?? 2.18? 
? 2.18 RTOG?????????????? 
Grade Symptoms 
0 No change 
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?????????? 
1 Mild dysphagia or odynophagia; may require topical 
anesthetic or non-narcotic analgesics; may require soft diet 
2 Moderate dysphagia or odynophagia; may require narcotic 
analgesics; may require puree or liquid diet 
3 Severe dysphagia or odynophagia with dehydration or weight 
loss (> 15% from baseline) requiring nasogastric tube, 
intravenous fluids, or hyperalimentation 
4 Complete obstruction, ulceration, or perforation, fistula 
5 Death 
2.6.1.6 ?????? 
 ??????????????? NTCP ?????????? LKB ??
???????????????????????????????????
??????-????????????????????????????
????? LKB???????????????????? RTOG????
??????????????? 
 ????????????concurrent chemo-radiotherapy????????
????????????????????????? Group1 ? Group2 ?
??Group1??????????????????}????????93??
59%??Group2 ???????????????????}????????
???64??41%???????????????????????????
????????????????????????? 100????????
??????????????????????????? 
 LKB???????????????????????????????
?????? 2.2?2.3?2.4???? 
2.6.1.7 ?????? 
 ????????????????????????????????
?????????????????????p??????????????
Karnofsky?????T?????????????????????????
???????????????????????????????????
???????????????V15-V60?????????? NTCP ???
???????????????? NTCP????????????? p??
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??? ?????????????????????? 
??? 0.05 ?????????????????????????????
?????????????????????? 
2.6.2 ???? 
 ??? 157?????35??22%??????????????20??13%?
???????????????????????????????????
?? Group1??? 22??24%?????????????????????
????????? Group2??????? 33??52%?? 
 ?????????????????????????????????
??????????????????? LKB????????? 2.19??? 
? 2.19???????????????????????? LKB???? 
`???? 95%???? 

?????????
 ¶
???????? 
??? ??? 
?RTOG/EORTC TD50 (Gy)
????? (95% CI)
`
 
n 
(95% CI) 
m 
(95% CI) 
Group 1

 93 22 (24%) 
46 
(42-50) 
0.29 
(0.20-0.41) 
0.15 
(0.08-0.32) 
Group 2
¶
 64 33 (52%) 
36 
(34-56) 
0.09 (0.07-0.63) 
0.42 
(0.36-0.56) 
??????? Group1? Group2? LKB?????????????? LKB
??????? 2.17?? 
 
? 2.17 ???????????????????? LKB?????????????????????RT}Seq CRT?
????TD=46Gy?n=0.29?m=0.15????????????????????????Con CRT?????TD=36Gy?
n=0.09?m=0.42? 
 ?? 2.17????????????? Group2????????????
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?????????? 
???????????? Group1????? 
 
? 2.18 Group1? 93????????????????????????????????? 
 ? 2.18???Group1? 93?????????????????????
???????????? 93 ?????????????????????
???????????????????????????????????
??????????????????????? NTCP?????????
???????????????? 
 ?????????????????????????????????
????????????????????????????LHFRT????
?????????????? V15?V20?V25?V30?@@?V60??????
??? LKB????????? NTCP????????? 2.20??????
???????????????????????????????????
?????? NTCP?p?0.001?? V50? 
? 2.20 ???????????????????????  ¶??±??? 
Parameters AE \ grade 2 AE> grade 2 p value 
No 36 10 
Sequential CRT 
Yes 66 45 
0.025 
No 71 22 
Concurrent CRT 
Yes 31 33 
?0.001 
No 90 39 
LHFRT 
Yes 12 16 
0.007 
Total dose (Gy)  59.9±8.2
¶
 61.8±5.9 0.169 
Dmax (Gy)  54.2±18.2 66.3 ±10.7 ?0.001 
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??? ?????????????????????? 
Dmean (Gy) 18.0±11.6 27.1±11.8 ?0.001 
V15 39.7±22.0 52.6±18.1 0.001 
V20 34.2±21.6 48.4±19.0 ?0.001 
V25 29.0±21.2 44.2±19.5 ?0.001 
V30 25.1±20.9 41.5±20.1 ?0.001 
V35 22.3±20.4 38.7±20.0 ?0.001 
V40 19.7±19.0 36.1±19.8 ?0.001 
V45 16.3±17.9 33.3±20.2 ?0.001 
V50 14.4±17.0 30.8±19.9 ?0.001 
V55 12.0±15.7 27.7±19.0 ?0.001 
V60 9.0±13.8 21.5±16.3 ?0.001 
NTCP 0.29±0.29 0.71±0.23 ?0.001 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.6.3 ?? 
 ???????????????????????????meta????
???64%??????????????????? 46%?????????
??initial treatment?
[94]
????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????-??????QUANTEC
[78]
??????????????????
??????NTCP??????????????????????????
???????????????????????????????????
??????????????????????????????????
NTCP??????????????????????????
[95]
?????
?????????????NTCP???????????????????
???????????????????????????LKB??????
?????????NTCP???????????????????????
????????????????????????NTCP??????-??
??????????????????NTCP?V50?????NTCP????
????????????????????????????NTCP????
???????????????????????????????????
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?????????? 
?????NTCP???????????????????????????
??????????????????????NTCP??IMRT??????
??????????????????????????? 
 ????????????????????????????????
?????????? 100%??????
[91]
???????????????
???
[96-103]
??????????? 157 ????????????????
??????????????? 2.17 ?????????????????
???????????????????????????????????
?????????????????? 2.17 ??????????????
??????????????? 40Gy?????????????????
???????????????????????????????????
???? 10Gy????????????Rodriguez?
[104]
??????????
??????????????????????????? 20Gy?????
???????????????????????????????????
????????????????????????????Bradly?
[97]
??
?????????????????????????????? 34%???
????????induction chemotherapy?????????????????
? 6%????RTOG94-10III??????????????????????
???????????????????????????????????
??????????????????? 25%? 47%??????????
?????4%?
[105]
? 
 ?????????????NTCP???????NTCP????????
???????????????????????????????????
???????????????????????NTCP?????? 2.19?
??????????????LKB?????TD50(1)=46Gy?n=0.29?m=0.15?
???????????LKB????????NTCP???????????
?Burman?
[1]
????????TD50(1)=68Gy?n=0.06?m=0.11????1991
????????Belderbos?
[96]
?TD50(1)=47Gy?n=0.69?m=0.36????2005?
?Chapet?????????TD50(1)=51Gy?n=0.44?m=0.32????2005?? 
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??? ?????????????????????? 
 
? 2.19 ?????? Burman?Belderbos?Chapet??????? NTCP?????????????? 
 ????????????????????? Burman ????????
??????????????????? 45Gy~95Gy ???? Burman ??
?????????? Burman?????????????????????
???? RTOG/EORTC??????????????? 
 ????????????<m!?=0.15??? Belderbos??=0.36?? Chapet
??=0.32?????????<m!? LKB?????????????? NTCP
???????? 2.19 ??????????????? Belderbos ? Chapet
???????????????????????????????????
? TD50(1)=46Gy ???????????????????????????
???????????????????????????? 
 Burman?????????????<n!??0.06????????????
???????????????????????????????????
????????????????????????<n!?? 0.29?????
????????????????????????Belderbos?=0.69??Chapet
?=0.44???????????????????????
[91]
??? 6 ???
? 2.20?????????? 40~60Gy???????V40~V60???????
??????????????????Chapet??????????????
???????????????<n!??????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????????NTCP??
????? 2.19???????????????<n!??? 0.09??Burman?
???????????????????????????????????
???????????????????????????????????
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?????????? 
???????????????????????????????????
???????????????????? 
 ?????????????LKB??<TD50(1)!??????????
46Gy?????Belderbos?=47Gy??Chapet?=51Gy???????????
???<TD50(1)!???????#? 50%???????????????$??
? 46Gy???????????????????????????????
??????????????????????????????? 24-28Gy
????????Suzuki?
[106]
??? 65????????????? 77%??
????? 30.2±3Gy?????????????????????????
???????????????????????????????????
?? 
 ???????????????????????????effective 
volume?Veff????????????????????????? 2.20???
?????????????? 0.1?0.2?0.4?0.6?0.8? 1????????
???????????????????????????????????
???? 35Gy ????????????????Veff=1?????????
????????????? 5%????????????????????
???????????????????????Veff=0.1?????????
????????? 60Gy????????????????????????
?????????????? 
 
? 2.20 ??????????????????????? 
 ??????????-??????V20?V35?V45?V50?V60??????
????????????
[87, 97-99]
?? 2.20 ???????????????
?????????????????????????? 
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??? ?????????????????????? 
 ?????????????????????????????????
[91, 96, 107, 108]
??????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????????????
NTCP??????????????????? 
 ?????????????????????????????????
???????????????????????????????????
??????????????????????? NTCP?????????
??????? 
2.7 ???? 
 ?? 2.2 ???????? NTCP ???????? LKB?Logit-EUD?
Schultheiss?Poisson-EUD?Källman ? parallel ?? NTCP ?????????
???????????????????????????????????
??????????????????????? 
 ?? 2.3?????????? NTCP????????????????
????????????????-??????????????????
?????????????????????? NTCP?????????? 
 ?? 2.4 ?????????????????????????????
?????????????????????????????? Matlab ?
???????????????????????????????????
? Matlab ??????????????????????????????
NTCP????????????????????????????????
???????????????????????????????????
???????????? 
 ?? 2.5????? NTCP?????????????????????
???????????????????????????????????
???????????????????????????????????
??????????? LENT/SOMA ?????????????????
???? NTCP????? 2??3??4?? 5?????????????
??????????????????????????????????
NTCP?????????????????????????? NTCP???
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?????????? 
???????????????????? 2.5?????????????
?????????????????? NTCP??????????????
???????????????????????????????????
?-?????????????????????????????????
??????? NTCP?????????????????????????
? NTCP??????????????????????? 
 ?? 2.6????????????? LKB??????????????
???????????????????????????????????
???????????????????? LKB ????????????
?? LKB ??????????????????????????????
???????????????????????????????????
???????????????????????????????????
?-?????????????????????????????? 
2.8 ????? 
 ??????????? NTCP???????????????????
???????????? NTCP ????????????????? 2.4.3
?? 
 ????????????????????????????? 1983 ?
??????????? NTCP?????????????????????
??????????????? 2.5.8? 2.5.9?? 
 ? 2??3??4?? 5??????????????? NTCP?????
???????????????????? 2.5.8? 2.5.9?? 
 ????????????????????-?????????????
???????????????????????????????????
?????????????????? 2.5.10.6?? 
 ?????????????????????????????????
????????????????????? 3?????????????
???????????? 2.5.10.7?? 
 ??? NTCP???????????????????????????
???????????????????????????????????
??????? 2.5.10.9?? 
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??? ?????????????????????? 
 ?????????????? NTCP????????????????
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??? 60-65Gy????????????????????????????
???? 50-60Gy???????????????????????????
??????????????????????????????Harsolia?
[20]
???????????????????????????-???????
????V10~V82???-????????????????????????
???V3-7?V34-80 ?????????-?????????????????
???????????-???????????????????????
?????????????????????????? 
 ?????????????????????????????????
???????????????????????????????????
???????????????????Harsolia?
[20]
??????????
?????????? 78-80Gy?????????????????????
????????????-?????V10-82???????????????
???????????????????????????????????
???????????? 2.16?a?
[21]
?????????????????
????????????PTV?????GTV??????????????
?????????????????PTV????? 2.16?b????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????? 
 ?????????????????????????????????
??????? EUD ????????????? EUD ?????????
????????? IMRT??????????????? 
3.4.2 ????????? 
 ?? 53???? Centre Eugène-Marquis?????? IMRT??????
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?????????? 53 ???????? GETUG ???????????
??????????? 80Gy????? 2.0Gy/??????????? Phase 
A? Phase B??????? Phase A??????PTV1???????GTV?
?????CTV??? 2.0Gy/?????? 23??? 46Gy???? Phase B?
?????PTV2???????????GTV??? 2.0Gy/?????? 17??
? 34Gy????????????? Phase A? Phase B??????????
18MVX?????????????????? 36°?100°?180°?260°? 324°?
?????? 3.1??? 
  
                     ?a?                            ?b? 
? 3.1 ???? IMRT?????????? ?a?Phase A ?b?Phase B 
??????? Phase A? Phase B?????????? PTV1? PTV2???
???????????????????? 7mm????????????
???????????????? 5mm?????? 
 ???????????????????????-??????????
???????????????? GETUG???????????????
??? 
 ????GTV?????????????? 90%??? 95%??????
???? 95%?????? 
 ??????????? 76Gy?V72?25%? 
 ??????????? 80Gy?V70?50%? 
 ??????V55?5%? 
 ???????????????#????$??? 1.8cc ???????
?????????? DVH??????????????????????
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 ????Phase A?????Phase B???????-???????? 3.2
?a???b???? 
 
?a? 
 
?b? 
? 3.2 Pinnacle??????-?????????? ?a?Phase A?b?Phase B 
ptv1?????????ptv2?????paroi rectale?????paroi vesicale?????Tissue sains??????? 
??????? GETUG????????????????????????
???????????????????????????????????
???????????????trial-and-error?????????????? 
 ???????????? 3.3??? 
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? 3.3 Pinnacle???????????? 
????????????????? 25????????? 5???????
??? 1e-05????? DMPO?direct machine parameter optimization????
?????????? 35 ???????? 4cm
2
??????? 5MUs???
MLC ???? 2?????????? 2cm???????????????
? IMRT??????????? 
 ??????? 
 ?1???????????????????????PTV1 ?? 5mm?
???????????????ves ext??????????ves int?????
???????????????????????????????????
?????????Burman
[22]
???n=0.5??????EUD ???a=2???
???????????????????????????????????
???????????????????????????n=0.09???EUD
???a=10? 
 ?2???????????????????????? 
 ?3??????????????????????Phase A??#Plan A$?
???????????????????paroi vesicale?????????Max 
Dose?????
??
?????????ves ext???????ves int???EUD?
????Max EUD??????EUD????a??? 2? 10??? 3.4?a??
?????????????#Plan A}EUD$????????#Plan A}EUD$?
??#Plan B}EUD$???????? 2.0Gy×17??????#Plan A}EUD$??
??????????????????????-???EUD???????
3.4?b??????????????????????#Plan B}EUD$???Phase 
A????????????#None$?????????????Phase A???
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???Max EUD???????????????????????????
?????????????????????EUD???????EUD??
a=5
[23]
?????????????????????????? 
 ?4???#Plan B}EUD$??????????????????????
????????#Plan B$??????????#Plan B}EUD$??? GETUG
????????-????????? 53??????????????DVH
???????????????conformal index?CI????????homogeneous 
index?HI????? T???paired T test?????????????????
??????????? p?0.05????????????????????
?????? 3.3?? 3.4??? 
ref
reft
t
reft
V
V
V
V
CI
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%100982 ???
pD
DD
HI                       ?3.4? 
???????????????????????????Vt??????Vt,ref
??????????????????Vref???????????????
?????CI???? 0?1??????????
[24]
???????????
??????????????????????????
[25]
?? 3.4 ??D2
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[26]
? 
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?b? 
? 3.4 ? EUD?????? ? Phase B??????? 
 ?5????? ???????
1989????TCP???
               ?3.5? 
                  ?3.6? 
??? ????????????? ??????? ????
Phase A
??? EUD??????????????
??????????????PTV2?????????TCP???????
TCP????? T???paired-samples T test???????????????
??????????????????????? 
 Hoffman?
[27]
? 2008????????Fowler
[28]
?
????????????????? 
N ???????? ??k kLQkcloLQ DSFvNDTCP 1 )(exp)(
)/exp()( 2 nDDDSF kkkLQ ?? ???
cloN )( kLQ DSF kD
?????????? ?? ????????????????????
???????????????????????????????/?????
????????????????????????? 5 ? 5.2 ??n???
??????????????Wang?
[
kv kD
29]
???????????????
138?cloN ???Fowler? [30]??????? ? ? ?????? 0391.0?? ?
0263.0?? ???/ =1.49? ?
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? 3.5 53????? DVH? ???????????????<Plan B!???????? DVH???????? 3.4.2
??????? EUD???????<Plan B}EUD!??????? DVH?? 
 ?????????????????????????????????
?????? ?????
3.1 

?????????????? 
???? ???? ?????Plan B? EUD???Plan B}EUD? p?
?? EUD??????????????????????????????
????? 10~45Gy ??????????????
?????????????????????PTV2???????????
????? 75~80Gy??????????? PTV2????????????
EUD????? PTV2?????????????????????????
?????? 40~50Gy ????????????????????????
??????? PTV1 ??????? 50Gy ??????????????
PTV1???????????????? 46Gy?2.0Gy×23?????????
50Gy?????????????????????? 
 ????????????? EUD ????????????????
GETUG??????????????????????????-?????
???????? T???????? 3.1??? 
? ??????? EUD?????????????????????  `¶ V43.7?V76????????? 95%?
?????????
?
??????? 1.8cc??????????
§
3yb23?5yb23?????? 3?5????????
???????????? 3ybblee?5ybblee?????? 3?5?
 
PTV1 V  99.78±0.38% 76±0.37% 0.28 43.7
`
99.
D  91. 0% 90.89±1.91% 02 min 25±1.9 0.0
V76  94.47±2.22% 93.19±2.34% ?0.001
¶
CI 0.73±0.04 0.93±0.02 ?0.001
PTV2 
HI 0.11±0.02 0.12±0.02 ?0.001
Dmax
?
 75.19±1.08 Gy 75.05±1.16 Gy 0.044 
V72 12.95±3.67% 12.72±3.57% 0.035 ??? 
EUD 5? 54 y 54 y ?a= .91±2.24 G .67±2.21 G 0.002 
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D  79 y 79 y max
?
.70±0.45 G .45±0.49 G ?0.001
V70 22.66±11.85% 18.88±10.63% ?0.001
D  3  3  ?mean 9.40±12.50 Gy 5.04±12.35 Gy 0.001
NTCP 3yb23
§
 16.68±6.16% 14.48±5.73% ?0.001
NTC lee

 P 3ybb 7.16±3.76% 5.88±3.36% ?0.001
NTC 3
§
 P 5yb2 20.15±6.61% 17.75±6.27% ?0.001
??? 
NTC lee

 P 5ybb 10.38±6.20% 8.36±5.34% ?0.001
??? 
???? 
3 26.EUD?a=2? 2.83±8.55Gy 88±8.33Gy ?0.001
??? 
???? 
EUD?a=10? 72.88±3.34Gy 70.82±3.68Gy ?0.001
???? V 055 0.04±0.20% 0.21±0.60% .015 
???? V  55 0.06±0.24% 0.30±1.14% 0.049 
Phase A 430±73 470±69 ?0.001
MU 
Phase B 493±71 528±103 0.002 
?? ???????? ???? ??? n 
B}EUD$???????????????????#P ??? 
 ?1?PTV2 CI
????????V EUD?????? EUD??????
!?? EUD??????????????
? ? V70 ????? NTCP??????? NTCP??
????? 2.9?? 2.10? 
 ????????? EUD????????????????????
? ?PTV2??????V ?????? ? 
?2????????????? V ? 
? ???????MU??
???PTV1? V ?????????????????????p=0.28?? 
???????????????????????? EUD ??????
PTV2???????? 3.5? PTV2????????????????
??????????????????????? Plan B}EUD????? T
3.1 EUD ?? ????? ?#Pla
lan B$?
?????? ? 
 ?2? 72????
???<a  
 3 ???????? ?
????????? 3?? 5??????????????????????
????????????????????????
 ?4???????????????? EUD??????<a!?? EUD?
???????????<a!???? 
 
 1 76 HI
 55
 3  
 43.7
 
???
??? DVH?????????????????????????????
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 ?????????????????????????????????
???? PTV2???????????TCP?????? TCP????? T?
??53??? TCP???????? 3.6?? 
 
? 3.6 53??? TCP??? 
????????? EUD ??? TCP ????? 89.37%±0.54%?
89.36%±0.46%??? T ???? t=0.044?p=0.965????? TCP ?????
?? 
 ???????????????????? 53????? EUD????
e
? 3.2 53?????a?Phase A??b?Phase B?????????? ????????? 3.5?????????
p
Phase A?Plan A}EUD?? Phas  B?Plan B}EUD?????????????
??????????? 3.2?a???b??? 
aroi rectal?????Tissus sains????????paroi ves int????????paroi ves ext??????? 
 
?a? 
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?b? 
3.4.4 ???? 
 ??????????????????? 
 ?????????????????????? EUD ????????
??????????????????????????????? NTCP
?????? 3?? 5?????????????????????????
??????????????p?0.001????? 3.7???????????
???? EUD?????????????????????????????
???????????<a=10!?????????????????????
????????????????????????????#?$?????
???????????????? ???????
 
? 3.7 ?????????????????????????? 
 ?????????????????? EUD ????????????
? EUD ????????????????????????????#??
EUD$????????????????????????????????
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 ???????????PTV2 ???????????????????
?????????????????????Wu?
[7, 8]
?????EUD???
???????????????????????????EUD??????
??IMRT??????????????????????????????
???????????????????????????????????
????????????? 3.7?????????????????????
?#?$????????????????????????????????
?????Li?
[31]
????Monaco?Pinnacle?Eclipse???????????
???????????????????????
?????
?
?????
?
IMRT?????????
?????????????DVH????????????????????
??????De Gersem
[32]
???????????????????????
???????TCP???????????????NTCP?????????
?TCP???????????????????????????
? ???????????????EUD????????????????
????PTV2??TCP?????????????? 3.5?PTV2?????
?????????????????????????EUD????????
???????????????????????????????????
??????????????????????? 
 ???????????? V55 ?????????????????p?
0.05???????????????????????????????
GETUG????????? IMRT???????????????????
?????? V55?5%?????????????????????V55??
??? 1%??????????????????????????????
??????????????? 3.8???????????????? EUD
??????? IMRT?????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????#?$?????????? 3.7?????
???????????????????????????????????
????????????? 3.8 ?????????????43.7Gy??#?
?$????????????????????? 55Gy ????
? ?? PTV2????????????????????????????
???????????? 
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? 3.8 ??????????????????????? 
 ????????????????????MU???????????
? 80Gy ???????? EUD ????????????????????
40MU???????????? 8MU??????????????????
???? EUD????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????? MU ????????????????
?????? IMRT ??? 400~500MU?????????????????
???MU????????? 
3.5 ???? 
 ?? 3.2?????? EUD???????? EUD??????????
??????? EUD
?
????????????????????
???????????????????????????????????
?????? EUD ?????????????????? EUD ?????
?????? IMRT??????????????????????????
????????????EUD???????????
???????? 
 ???????? 3.3????Wu?????????? EUD?????
???????????? IMRT ???????????????????
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 ?? 3.4 ???????? 53 ?? ???????????????
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? dij??????????????? NTCP??? 
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???????? ???????? 
?????????????????? NTCP??????????????
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3? 192 29(8}21) 42(13}29) 17(5}12) 7(4}3) 
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0.00
5 
0.21 0.96 
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? 1? 10?????? ?/????????????????????????
???????????????????????????? 5.3?????
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Schultheiss 399.99 -- 7--- 0.6 0 80.20 17.16±1  0.006.0001 .88  
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Schultheiss 69.51  --- 27.55 ----- 79.22 15.22±4.88 0.025 
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????/?=5.4Gy???????????????
??Brenner?????????????????????????????
?????????????????
[22-24]
????????????????
??????????????????/???????????????/???
1~3Gy????????????/??? 8~10Gy??????????????
?????????/????????????[25-31]?Brenner????????
?RTOG??????????????
????????
[25-31]
?Brenner???????/??????????????
???????????????????????????????????/?
?????????? 1~3.5Gy?????????????????????
????????????? 2.0Gy????? 2???????? 6????
? 5. ?????????????1 H??? ?? ?b?
5.1 DVH???
DVH ?B??????
70Gy ???????
???????????
??????????????
??????????
5.4.4 ?? 
????/?=5.4±1.5Gy????????
167 
 
?????????? 
?????????????? 
 Brenner????????????????????????????Marzi
?
[8]
???/????????????????Marzi?????/????????
?????????????LKB????????TD50(1)?n?m???/???
????????????????????????? 95%???????
???????????????????????????????????
? 5.4.3 ????????????????????n?m???????
Burman?????LKB????????TD??/??????????????
????/??????? 2.3Gy?95%?????1.1~5.6Gy?? 
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????????????? DVH ??????-???????????
??? 4?????????? NTCP??? 
3. ????????? IGR??????? 213??????????
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?? 
??????????????????????????? NTCP???
?????????????????????????????????
?????????????????????????
????????????????????????
??????????? NTCP??????????? 
NTCP??????????????????
???????
???????????????????????????????????
?????????????????????????
 ?????? ??
?
?????????
???????????????????? DVH ??????????
????#???????? L-Q ???????? DVH ??? LKB ??
?????????????$??????????? NTCP??????
?????????
6.2 ?????? 
 ????????????????????????????????
??????????????????????? 
1. ?????????????????????????????????
? 
 ??NTCP????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????
[1]
??????????????????????
[2]
?
???????????????????LKB??????????????
??????????????????????????????????-
??????????????
????????????????????????????
??????????
??????????? 
2. ?????????????????????????????????
??? 
?????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????????????
???????????????????????????????????
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??? ????? 
??????????????????????????????????
?? 
3. ?????????????????????? 
 ??????? NTCP???????????????????????
??????????????????????????????????
???????????????????????????????????
????????????????????????????????????
??????#?????$???? 
????????????????????Ospina?
[3]
???Random 
???????????
????????????? 
?????????????????????????? 
 ???? 
??, ??, ?. ? LYMAN NTCP??????????????????????? [J]. ????
 ???? , 2006, 15. 
] 
[3] Ospina J, Zhu J, Le Prise E. Random forest are strong competitors of published NTCP models for rectal and bladder 
 
 
Forest?????????????????????-???????????
????????????????????????
4. ??
 ???????IGRT????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????? 
 ????????????????????ACOSTA
[4]
????????
CT??????????????????????????????????
???????????????????????????????????
???????????????????? 
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?? B. LENT/SOMA??????????? 
??A. ??????????RTOG??????????
???????? /EORTC???? 
 
 
RTOG acute radiation morbiditv scoring criteria 
RTOG
 
Organ Tissue Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 
Phar
&
esophagus 
No change 
over baseline 
Mild 
dysphagia or 
odynophagia 
may require 
topical 
anesthetic or 
non-narcotic 
analgesics/may
require soft 
diet 
Moderate dysphagia or 
odynophagia may require 
narcotic analgesics/may 
require puree or  
liquid diet 
Severe dysphagia 
or 
odynophagia with 
dehydration or  
weight loss > 
15% (from 
pretreatment 
baseline) 
requiring N-G 
feeding tube 
fluids or 
hyperalimentation 
Complete 
obstruction,
ulceration, 
perforation,
fistula 
ynx 
 
 
 
 
RTOG/EORTC late radiation morbidity scoring scheme 
 
O Tissue Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 rgan 
S Large intestine None Mild 
diarrhea; 
mil
cram
Moderate diarrhea and 
colic; bowel movement > 
Obstruction 
or bleeding, 
Necrosis/Perforation 
Fistula 
mall/
d 
ping;  
5 times daily; 
excessive rectal mucus or 
requiring 
surgery 
bowel 
movement 5 
times daily; 
slight rectal 
discharge or 
bleeding 
intermittent bleeding 
Bladder None Slight 
epithelial 
atrophy; 
Moderate frequency; 
generalized telangiectasia; 
intermittent macroscopic 
dysuria;  
severe 
telangiectasia;  
Necrosis/Contracted 
bladder 
(capacity \ 100 cc)
minor 
telangiect
(microsco
hematuria frequent Severe hemorrhagic 
asia 
pic
hematuria;  
reduction in 
 cc) 
 
cystitis 
hematuria) bladder 
capacity (\ 
150
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??B. ????????????LENT/SOMA???? 
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?? C. ?????? NTCP?????? 
??C. ??NTCP??? 2~5?????????????
?????? 
Rectal toxicity?Grade2(LENT/SOMA criteria) 
2 Year Rectum G23 (53toxicity/421pts=12.59%) 
Model TD(Gy)
n/s 
(Volume Effective Factor)
m/k/r 
(Slope Factor) 
LKB 88.6243 1.0000 0.4139 
LogitEUD 105.0051 1.0000 2.3641 
PoissonEUD 95.7271 1.0000 0.7822 
Kallman 95.3529 0.0075 0.7857 
Schultheiss 126.8286 ----- 2.0294 
Parallel v50=0.9999  ?=0.1626  d1/2=10.7074  k=1.1521 
EUD n=1  aveEUD=45.84±6.93Gy 
3 Year Rectum G23 (65toxicity/341pts=19.06%) 
Model TD(Gy)
n/s 
(Volume Effective Factor)
m/k/r 
(Slope Factor) 
LKB 88.0204 0.0074 0.2104 
LogitEUD 88.4231 0.0075 6.9391 
PoissonEUD 89.7078 0.0073 1.6064 
Kallman 84.5945 16.8438 2.0713 
Schultheiss 399.9915 ----- 0.6660 
Parallel v50=0.0000  ?=0.9999  d1/2=43.9105  k=1.0095 
EUD n=0.0077   aveEUD=71.55±2.96Gy 
4 Year Rectum G23 (67toxicity/306pts=21.90%) 
Model TD(Gy)
n/s 
(Volume Effective Factor)
m/k/r 
(Slope Factor) 
LKB 84.3915 0.0057 0.1878 
LogitEUD 84.4275 0.0059 7.9872 
PoissonEUD 85.2342 0.0057 1.8549 
Kallman 82.6296 18.2591 2.1334 
Schultheiss 398.0181 ----- 0.5852 
Parallel v50=0.0000  ?=1.0000  d1/2=33.4064  k=1.3001 
EUD n=0.0060   aveEUD=71.52±3.10Gy 
5 Year Rectum G23 (58toxicity/257pts=22.57%) 
Model TD(Gy)
n/s 
(Volume Effective Factor)
m/k/r 
(Slope Factor) 
LKB 78.0601 0.0197 0.1401 
LogitEUD 77.9893 0.0205 10.9991 
PoissonEUD 79.1115 0.0181 2.4212 
Kallman 76.4826 5.3342 3.2269 
Schultheiss 69.1367 ----- 17.5619 
Parallel v50=0.0001  ?=0.1065  d1/2=75.1072  k=19.1230 
EUD n=0.0203   aveEUD=69.46±2.82Gy 
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?? C. ?????? NTCP?????? 
Rectal bleeding 
2 Year Rectum Bleeding (77toxicity/421pts=18.29%) 
Model TD(Gy)
(Volume Effectiv
n/s 
e Factor)
m/k/r 
(Slope Factor) 
LKB 82.4910 0.0606 0.2302 
LogitEUD 0.  683.4226 0618 .0708 
PoissonEUD 85.2342 0.0579 1.4252 
Kallman 89.1196 16.8627 1.6555 
Schultheiss 96.1069 ----- 2.2231 
Parallel v50=0.0000  ?=0.0 2=350.1023  4 378  d1/ k=2.042
EUD n=0.0629   a D=64.91±2.86GveEU y 
3 Year Rectum Bleeding (85toxicity/341pts=24.93%) 
Model TD(Gy)
m/k/r 
e Factor) 
n/s 
(Volume Effective Factor) (Slop
LKB 83.5611 0.0018 0.1823 
LogitEUD 83.7228 0.0019 8.2208 
PoissonEUD 84.1709 0.0018 1.9530 
Kallman 80.4552 18.7346 2.3740 
Schultheiss 89.1690 ----- 1.8528 
Parallel v50=0.0000  ?=0. 2=86.2372  k 5 0513  d1/ =10.073
EUD n=0.0018   a D=73.02±3.22GveEU y 
4 Year Rectum Bleeding (85toxicity/306pts=27.78%) 
Model TD(Gy)
/r 
actor) 
n/s 
(Volume Effective Factor)
m/k
(Slope F
LKB 81.1740 0.0006 0.1626 
LogitEUD 81.2958 0.0006 9.3345 
PoissonEUD 81.6186 0.0006 2.2136 
Kallman 78.5070 20.3973 2.5328 
Schultheiss 68.2597 ----- 3.8263 
Parallel v50=0.0000  ?=0. 2=72.7913  k 0 1173  d1/ =19.292
EUD n=0.0004   a D=73.22±3.35GveEU y 
5 Year Rectum Bleeding (76toxicity/257pts=29.57%) 
Model TD(Gy)
/r 
actor) 
n/s 
(Volume Effective Factor)
m/k
(Slope F
LKB 73.6434 0.0312 0.1320 
LogitEUD 73.4594 0.0327 11.7922 
PoissonEUD 74.7610 0.0245 2.7230 
Kallman 77.3850 21.1865 2.7239 
Schultheiss 67.3693 ----- 19.8966 
Parallel v50=0.00002  ?=0. 1/2=70.0031  4 1429  d k=45.646
EUD n=0.0300   a D=68.34±2.75veEU Gy 
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??D. ??NTCP??? 2~5?????????????
?????? 
Bladder tox radeicity ?G 2 (LENT/SOMA criteria) 
2 Year Bladder oxicity/396 3%)  G23 (50T pts=12.6
Model TD(Gy)
n/s 
(Volume e Factor) (Slope Factor)  Effectiv
m/k/r 
LKB 81.8586 0.0854 0.1623 
LogitEUD 81.6941 0.  0851 9.5576 
PoissonEUD 85.0733 0.0841 1.8516 
Kallman 80.5586 19 1.3831 2.42
Schultheiss 77.9911 ----- 10.7111 
Parallel v50=0.0000  ?=0.   d1/2=70.5936   k=24.915793
EUD n= 40.0955   aveEUD=65.15± .25Gy 
3 Year Bladder oxicity/345 9%)  G23 (50T pts=14.4
Model TD(Gy)
n/s 
(Volume e Factor) (Slope Factor)  Effectiv
m/k/r 
LKB 79.7338 0.0880  0.1561  
LogitEUD 79.5615   0.   0872 10.0302
PoissonEUD 82.622 0.0853  1.9370  
Kallman 78.3160 49   1.3320  2.68
Schultheiss 76.4989 ----- 11.5763  
Parallel v50=0.0002  ?=0.37 d1/2=73.7932  k= 1 30  16.947
EUD n= 40.0985   aveEUD=65.01± .39Gy 
4 Year Bladder oxicity/302 3%)  G23 (46T pts=15.2
Model TD(Gy)
n/s 
(Volume e Factor) (Slope Factor)  Effectiv
m/k/r 
LKB 79.31135  0.1287  0.1933 
LogitEUD 79.5195 0    .1255 7.7894 
PoissonEUD 82.7347 0.1251  1.5874  
Kallman 77.6225 61  6 1.1049  2.10
Schultheiss 76.8405 ----- 8.9546  
Parallel v50=0.1546  ?=0.36 d =74.6519  k= 5 52  10.9221/2
EUD n= 40.1294   aveEUD=62.81± .75Gy 
5 Year Bladder oxicity/242 4%)  G23 (41T pts=16.9
Model TD(Gy)
n/s 
(Volume e Factor) (Slope Factor)  Effectiv
m/k/r 
LKB 78.6820 0.0866 0.1677 
LogitEUD 78.6483 0  .0855 9.2130 
PoissonEUD 81.3757 0.0855 1.8220 
Kallman 77.1448 88 1.5005 2.53
Schultheiss 74.5558 ----- 11.1385 
Parallel v50=0.0085  ?=0.0496  d1/2=99.3027  k=8.7581  
EUD n=0.0879   aveEUD=65.29±4.41Gy 
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Bladder bleeding 
2 Year Bladder Ble ding (21toxicity/396pts=5.30%) e
Model TD(Gy)
(Volume Effective F
n/s 
actor)
m/k/r 
(Slope Factor) 
LKB 96.382 0.2215  0.2410  
LogitEUD 0.   96.8307 1936 6.0440  
PoissonEUD 10  9.4513 0.2251  1.1407  
Kallman 97.5197 0.8849  1.4244  
Schultheiss 96.4617 ----- 6.4060  
Parallel v50=0.2591 ?=0.14 2=98.4934  k=  93  d1/ 5.4111
EUD n=0.2008  =58.71±5.49G aveEUD y 
3 Year Bladder B  (26toxicity/3 =7.54%) leeding 45pts
Model TD(Gy)
n/s m/k/r 
(Volume Effective Factor) (Slope Factor) 
LKB 90.2277 0.2079  0.2355  
LogitEUD 0.   91.4524 1941 6.0214  
PoissonEUD 99.0901 0.2076  1.2124  
Kallman 92.2025 0.9003  1.4125  
Schultheiss 9  0.8104 ----- 6.4544  
Parallel v50=0.3307 ?=0. 88.3087  k=2354 d1/2= 5.9710 
EUD n=0.1948   av .32±5.36Gy eEUD=59
4 Year Bladder toxicity/3 =9.27%) Bleeding (28 02pts
Model TD(Gy)
n/s m/k/r 
(Volume Effective Factor) (Slope Factor) 
LKB 81.0023 0.2354  0.2075  
LogitEUD 0.   81.5202 2270 7.0871  
PoissonEUD 86.3521 0.2422  1.3922  
Kallman 80.5902 0.5965  1.72304  
Schultheiss 84.7686 ----- 7.5569  
Parallel v50=0.0859 ?=0 118.2522 k=.0513 d1/2= 5.1505 
EUD n=0.2086  58.63±5.52G aveEUD= y 
5 Year Bladder (27toxicity/2 =11.16%) Bleeding 42pts
Model T
actor) 
D(Gy)
n/s m/k/r 
(Volume Effective Factor) (Slope F
LKB 85.3065 0.3634 0.2995 
LogitEUD 90.3722 0  .3720 4.0008 
PoissonEUD 95.2663 0.5071 0.9117 
Kallman 96.87629 0.4493 0.8698 
Schultheiss 86.6701 ----- 5.4741 
Parallel v50=0.0468  ?=0.0 /2=160.6685 2 347  d1  k=3.908
EUD n=0.2545  =56.52±5.92G aveEUD y 
 
?? E. ??????????????????? 
??E. ??/???????NTCP????????????
??
 
Rectal toxic  cr
 
ity ?Grade 2 (LENT/SOMA iteria) 
2Year Rec 6tox pts =12.50tum G23 (2 icity / 208 %) 
Model 
n/s  
fective Fac
m/k/r  
ctor)
?/? TD (Gy) 
(Volume Ef tor) (Slope Fa
LKB  0.10 0.09 1 70.77 7.3
LogitEUD  0.25 7.37 3  9274. 1.7
PoissonEU 88 2.13 D 74. 0.22 1.86 
Kallman 8.78 69.96 0.57  7.13 
Schultheis 11 s 72.02 --- 25.28 9.
Parallel v50= 0.4 0. 00 8 7   ?= 45   d1/2= 69.11   k= 40.  5.5
3Year Rec 23 (29tox pts =15.10tum G icity / 192 %) 
Model y) 
n/s  
Effective F
m/k/r  
lope Factor)
?/? TD (G
(Volume actor) (S
LKB 93 0.08 0.09 7.17 70.
LogitEU  0.25 6.48 0.97 D 75.75
PoissonEU .58 0.96 D 78 0.21 1.52 
Kallman 69.79 10.00 0.72 9.08 
Schulthe 9 iss 71.07 --- 29.99 9.1
Parallel v50= 0.33   ?= 0.25   d1/2=  k= 40.00 9.9787 69.73  
4Year Rec 3 (27tox 4ptum G2 icity / 17 ts = 15.52%) 
Model y) 
n/s  
Effective F
m/k/r  
lope Factor)
?/? TD (G
(Volume actor) (S
LKB 0.11 0.19 4 79.33 2.3
LogitEUD 81 0.15 5.45 .08  84. 1
PoissonEU  0.18  1.13 4  D 90.23 0.5
Kallman 3 0.20 169.7 19.03 0.60 
Schultheis 71.98 6.04 s --- 16.49 
Parallel  6.2771 v50=0.12   ?=0.46   d1/2=69.02   k=39.99
5Year Rectum G23 (26toxicity / 156pts =16.67%) 
Model TD (Gy) 
 Effective F
r 
(Slope Factor)
? n/s  m/k/
(Volume actor)
 ?/
LKB  0.08 0.16 -2.91, 14.59) 76.17 6.20 (
LogitEUD 0.19  3.21  0.57   99.41  
PoissonEU 31  0.13  1.11  1.52  D 91.
Kallman   18.47  1.62  6.43  89.18
Schultheis .71  00  s 70 --- 17.37  10.
Parallel v50=5.80E-05   10.00 ?=0.41   d1/2=68.67   k=39.99 
 
Rectal Bleeding 
2 Year Rectum Bleeding (40toxicity / 208pts =19.23%) 
Model TD (Gy) n/s  m/k/r  ?/? 
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?? E. ??????????????????? 
(Volume Effective Factor) (Slope Factor) 
LKB 74.13  0.11 6.49  0.04 
LogitEUD 78.75 0.0 9.39  3.32 5 
PoissonEUD 84.97 0.07 1.57 1.57 
Kallman 80.39 17.344  2.73 6.44 
Schultheiss  .81 10.00 --- 70.07 28
Parallel v5 = 9 7.8 53 0=0.0002   ?=0.32   d1/2 69.71   k=39.9 5
3Year Rectum ng (42toxicit pts =21.88%)  Bleedi y / 192
Model TD (Gy) 
s  
(Volum ctive Factor)
k/r  
e Factor) 
 
n/
e Effe
m/
(Slop
?/?
LKB 76.01  0.14  9 0.05 3.7
LogitEUD   07 5.72  7 85.85 0. 0.8
PoissonEUD 68 9  81.76 0.07  1. 1.5
Kallman 82.26 20.82 2.01 5.23  
Schultheiss   3 04, 31.96) 5 --- 69.52 0.00 (28. 9.9
Parallel v50= 2 00 9.25  3.79E-05   ?= 0.21   d1/ = 70.55   k= 40.
4 ectum ng (41toxicit pts = 23.56%) Year R  Bleedi y / 174
Model TD (Gy) 
s  
(Volum ctive Factor)
k/r  
e Factor) 
? n/
e Effe
m/
(Slop
?/
LKB 77.40  4  0.17 2 0.0 3.9
LogitEUD 1 7.49  7 85.56 0.0 2.7
PoissonEUD 4  88.12 0.05  1.2 1.08
Kallman 81.84 21.62 1.96 5.17 
Schultheiss  .96 10.00 68.93 --- 25
Parallel v5 = 0 7.55 0=0.0002   ?=0.26   d1/2 69.19   k=40.0
5Year Rectum ng (39toxicit pts = 25.00%)  Bleedi y /156
Model TD (Gy) 
s  
(Volum ve Factor)
k/r  
e Factor) 
n/
e Effecti
m/
(Slop
?/? 
LKB 72.18  6  0.13  1 0.0 7.6
LogitEUD   08  4.54  1  83.72 0. 1.5
PoissonEUD 7    77.46  0.07  1.6 3.40
Kallman 193.82  27.83  0.34  0.08  
Schultheiss   .47  .00  68.41 --- 23 10
Parallel 
50 2 .0v =6.16E-05   ? 0.24   d1/= =69.03   k=40 0 10.00 
 
Bla ity  2 dder toxic ? Grade
2Year Bladd 5Toxicity/ .21%) er G23 (1 208pts =7
Model TD (Gy) 
  
(Volum fective Factor)
/r  
actor)
n/s
e Ef
m/k
(Slope F
?/? 
LKB 139.76 4.02E-03 0.29 2.36E-05 
LogitEUD 13  6.17 3.90 E-03 4.63 0.35 
PoissonEUD 156.42 3.94E-03 1.00 2.48E-05 
Kallman 111.56 10.93 1.42 1.72 
Schultheiss 4 0.07 107.05 --- .28 
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?? E. ??????????????????? 
Parallel v50=4.5 .83 0.87 4E-05   ?=1.00   d1/2=71   k=10.56 
3Year Bladder oxicity/ 19 8.85%) G23 (17T 2pts =
Model TD (Gy) 
 
(Volume ive Factor)
m
(Slope
?/n/s 
 Effect
/k/r  
 Factor)
? 
LKB 99.15  0 2.25.15 E-04 .18 0 
LogitEUD 123.71 1. -03 5 0.06 E .12 50 
PoissonEUD 200 0.00 20.00 0.51 .02 
Kallman 106.45 11.39 1.49 1.41 
Schultheiss 3.778.15 --- 12.35 1 
Parallel .31E-06   ?    d1/2=70.24   k= 7.4v50=6 =0.64 39.18 6 
4Year Bladder oxicity/ 17  11.49%) G23 (20T 4pts =
Model TD (Gy) 
(Volume e Factor)
m
(Slope
?/n/s  
 Effectiv
/k/r  
 Factor)
? 
LKB 135.72 03 0 7.66 4.43 E- .35 E-04 
LogitEUD 148.60 3. -03 4 80 E 3.22 1.1 E-03 
PoissonEUD 1 2.28 53.65 3.72 E-03 0.86 E-04 
Kallman 136.83 14.95 0.87 0.73 
Schultheiss 0.390.59 --- 4.39 5 
Parallel .00  ?=1 1/2=299.94   k=0 10.v50=1 .00   d .11 00 
5Year Bladder oxicity/ 15 12.82%) G23 (20T 6pts =
Model TD (Gy) 
(Volume Ef tor)
m
(Slope Fa
?/n/s  
fective Fac
/k/r  
ctor)
? 
LKB 142.64 03 0 5.41 6.07 E- .40 E-04 
LogitEUD 165.83 5. -03 2 5.9498 E .52  E-04 
PoissonEUD 168 7.80E.16 6.26 E-03 0.74 -06 
Kallman 165.36  0.7 1.61 E-03 2 15.53
Schultheiss 10.0200.00 --- 1.16 0 
Parallel 0   ?=0.4 2=50.67   k=2.00 10.v50=1.0 7   d1/  E-04 00 
 
 
Bladd  er bleeding
2Year Bladder oxicity  1.92%)  Bleeding (4t / 208pts =
Model TD (Gy) 
  
t
m ?n/s
(Volume Effective Fac or) (Slope Factor)
/k/r  
/? 
LKB 19 10.9.99 0.16 0.34 00 
LogitEUD 199.96 0.11 3.33 10.00 
PoissonEUD 199.94 4.41 E-04 1.00 10.00 
Kallman 1  0.00176.58 1.17 0.95 
Schultheiss 10.00 200.00 --- 2.85 
Par v 4   ? 1/2= 282.21  9allel 50= 2.00 E-0 = 1.00   d  k= 1.5 10.00 
3 r B oxicity .65%) Year Bladde leeding (7t  / 192pts = 3
M T  
(Volume E e Factor)
 
(Slo or)
odel D (Gy)
n/s  
ffectiv
m/k/r 
pe Fact
?/? 
L  KB 88.17 0.11 0.17 10.00 
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LogitEUD 97.63 0.15 6.55 10.00 
PoissonEUD 199.97 5.28 0.70 5.10 
Kallman 84.88 10.00 0.82 2.23 
Schultheiss 1  85.80 --- 10.26 0.00
Parallel .00   ?= = 70.11   k=  v50= 1  0.73   d1/2  18.72 10.00 
4Year Bladder B oxicity .17%) leeding (9t  / 174pts = 5
Model T
(Volume E e Factor)
 
(Slo tor)
D (Gy) 
n/s  
ffectiv
m/k/r 
pe Fac
?/? 
LKB 79.41 0.07 0.11 10.00 
LogitEUD 78.55 0.07 14.80 10.00 
PoissonEUD 111.37 0.15 1.17 3.04 
Kallman 76.54 0.93 4.00 10.00 
Schultheiss 1  76.78 --- 18.14 0.00
Parallel .63   ?= =70.74   k=v50=0 0.54   d1/2 32.41 10.00 
5Year Bladder B 1toxicit 7.05%) leeding (1 y / 156pts =
Model T
(Volum actor)
 
(Slo tor)
D (Gy) 
n/s  
e Effective F
m/k/r 
pe Fac
?/? 
LKB 177.53 1.00 0.53 0.80 
LogitEUD 188.39 0.23 2.08 10.00 
PoissonEUD 199 7  .98 20.00 0.56 .28 E-04
Kallman 114.23 12.82 1.24 9.95 
Schultheiss 1  199.99 --- 1.71 0.00
Parallel 0.93   ? 2=30.07   k=v50= =0.30   d1/ 0.32 10.00 
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